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ABSTRACT 

T h i s  memorandum reviews t h e  c u r r e n t  s t a t e - o f - t h e - a r t  
i n  au tomated  s c h e d u l i n g  models .  D e s c r i p t i o n s  and compar isons  o f  
s e v e n  s c h e d u l i n g  models c u r r e n t l y  a v a i l a b l e  i n  t h e  a e r o s p a c e  
i n d u s t r y  are  p r e s e n t e d .  Though each  was c o n s t r u c t e d  t o  s a t i s f y  
a un ique  s e t  of  r e q u i r e m e n t s ,  c e r t a i n  s i m i l a r i t i e s  o f  c o n s t r u c t i o n  
and methodology w2re r ioted:  a l l  o f  t h e  models are  o r g a n i z e d  i n t o  
t h r e e  d i s t i n c %  f u n c t i o n a l  a r e a s  (Data P r e p a r a t i o n ,  S c h e d u l e r ,  
and O u t p u t ) ,  a l l  u se  one o f  two g e n e r a l l y  a c c e p t e d  methods to 
produce  crew t i m e l i n e s  ( s e q u e n t i a l  and w i n d o w - f i l l i n g )  and a l l  
c o n s i d e r e d  c a n d i d a t e  t asks  i n  d e s c e n d i n g  o r d e r  of p r i o r i t y .  
D i s s i m i l a r l t i e s  i n  t h e  models p o i n t e d  ~p s e v e r a l  p r o b l p x  a y e a s  
i n  t h e  Coi1GtrLICtiOn of  m y  a c t i v i t y  s c h e d u l b g  ~ , g d ~ : l  i ~ ? 1 - ~ 3 ! ! ~ . ;  
t h e  c l a s s i f i c a t i o n  o f  i n p u t  d a t a ,  t h e  c r i t e r i a  used  t o  e s t a b l i s h  
t a s k  p r i o r i t i e s ,  and t h e  n e c e s s i t y  for a s c h e d u l e r  a l j G Y l t h : ,  tc k ?  
s e n s i t i v e  t o  human f a c t o r s .  

The r e p o r t  conc ludes  w i t h  s e v e r a l  recommendations for 
a new a c t i v i t y  s c h e d u l e r ,  i n c l u d i n g :  

a .  

b .  

C .  

t h a t  any new model be c o n s t r u c t e d  i n  rr.odules such  t h a t  
e a c h  of t h e  b a s i c  f u n c t i o n s  a r e  i s o l a t e d  from t h e  r e s t  
o f  t h e  model.  T h i s  would f a c i l i t a t e  e v a l u a t i o n  o f  
d i f f e r e n t  t e c h n i q u e s  or a l g o r i t h m s  i n  e a c h  a r e a .  

ephemer is  data  b e  g e n e r a t e d  independen t  o f  an  a c t i v i t q  
s c h e d u l i n g  model where t h e  c a p a b i l i t y  t o  g e n e r a t e  such  
d a t a  a l r e a d y  e x i s t s ,  as i n  t h e  BCVASP E a r t h - O r b i t  S l ~ c -  
l a t o r .  I .  

t h a t  t h e  model c o n t a i n  i n t e r n a l  da ta  l i b r a r i e s  t o  
s i m p l i f y  t h e  i n p u t  da t a  decks  for each  computer  run. 
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3 MEMORANDUM FOR FILE 

1 . 0  I n t r o d u c t i o n  

The  te rm " s c h e d u l i n g , "  as u s e d  i n  t h i s  memorandum, 
dien3tes t h e  p r o c e s s  whereby i n d i v i d u a l  a c t i v i t i e s  or o p e r a t i o n s  
t o  be  per formed d u r i n g  a m i s s i o n  are i n t e g r a t e d  i n t o  a f l i g h t  
p l a n  or m i s s i o n  t i m e l i n e .  F l i g h t  s c h e d u l i n g  for t h e  r e l a t i v e l y  
short d u r a t i o n  m i s s i o n s  i n  t h e  Mercury,  Gemini,  and P.pollo p ro -  
grams were pe r fo rmed  manual ly .  However, m i s s i o n s  i n  t h e  A p o l l o  
. : .?plications Program ( A A P )  are to las't f o r  one t o  two months 
2nd m i s s i o n s  of  even  l o n g e r  d u r a t i o n  are  b e i n g  p l a n n e d  i n  t h e  
post-AP.? p e r i o d .  T h e  i n c r e a s e d  d u r a t i o n  o f  t h e s e  m i s s i o n s  w i l l  

- _ _  : c ? l ? t l y  i n c r ? s s e  5b.e s c h e d u l i n g  a l t e r n a t t v s s .  I2 i s  thls ~ .. -.- < C '  

-. - *- c T'.; a:. a w n i c h  p r o v i d e s  t h e  mot iva t iDn  f o r  s e e k i n g  t o  auLomate 
c-..l ,-- x u c h  of  t h e  s c h e d u l i n g  p r o c e s s  a s  p o s s i b l e  i n  order t o :  
(1) reduce  t h e  bu rden  of t e d i o u s  manual S c h e d u l i n g ,  and ( 2 )  
i : c r ease  t h e  time r e q u i r e d  t o  c o n s t r u c t  d e t a i l e d  t i m e l i n e s .  

Automated s c h e d u l i n g  models  have  a wide s p e c t r u m  o f  
r ; t e r , t i a l  u s e s  i n  all Dhases  of any manned s p a c e  p r o g r a q .  Ir, 
t h e  e a r l y  p l a n n i n g  s t a g e s ,  such  models c o u l d  b e  u s e d  t o  c o n f i r m  
t h e  f e a s i b i l i t y  o f  t h e  p roposed  m i s s i o n  o b j e c t i v e s  b y  v e r i f y i n g  
t h e  c o m p a t i b i l i t y  o f  manpower and equipment w i t h  o p e r a t i o n a l  and  
e x p e r i m e n t a l  r e q u i r e m e n t s .  They can a l s o  a i d  s y s t e m  and sub-  
s y s t e m  d e s i g n e r s  by p r o v i d i n g  o p e r a t i n g  p r o f i l e s  f o r  v a r i o u s  
subsys t ems  and by a n a l y z i n g  t h e  e f f e c t s  of  a l t e r n a t i v e  d e s i g n s  
on t h e  m i s s i o n .  P r i o r  t o  l aunch  t h e y  can  b e  used  by f l i g h t  
o p e r a t i o n s  p l a n n e r s  to g e n e r a t e  nominal  f l i g h t  p l a n s  for e a c h  
cre'vrran. F i n a l l y ,  such  models c o u l d  be  used  t o  uDdate a c t i v i t y  
t i m e l i n e s  i n  "real-t ime" d u r i n g  m i s s i o n s  when off'-nominal s i t u a t i o n s  
r e q u i r e  r e v i s i o n s  t o  t h e  nominal  s c h e d u l e .  

A l a r g e  number o f  a c t i v i t y  s c h e d u l i n g  models  have  
a l r e a d y  been deve loped  b y  t h e  a e r o s p a c e  i n d u s t r y  b u t  s i n c e  t h e s e  
pro&rams have u s u a l l y  been  deve loped  for u s e  i n  o n l y  one or two 
of t h e  areas  d e s c r i b e d  above t h e y  v a r y  o u i t e  marked ly  i n  caDa- 
b i l i t y  and o u t p u t .  The  pu rpose  o f  t h i s  memorandum i s  t h e r e f o r e  
t o  r e v i e w  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  i n  a c t i v i t y  s c h e d u l i n g  
mode l s .  S e c t i o n  I1 p r e s e n t s  d e s c r i p t i o n s  o f  s e v e r a l  e x i s t i n g  
a c t i v i t y  s c h e d u l i n g  models  w h i l e  S e c t i o n  I11 compares t h e  con- 
s t r u c t i o n  and c a p a b i l i t i e s  o f  these  programs.  S e c t i o n  I V  
p r e s e n t s  recommendat ions for the  s y n t h e s i s  of a n  au tomated  
s c h e d u l i n g  model which  c o u l d  be  u s e d  t o  s u p p o r t  l o n g  d u r a t i o n  
m i s s i o n s .  
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2 .o D e s c r i p t i o n s  o f  E x i s t i n g  S c h e d u l i n g  Models 

Tab15 1 p r e s e n t s  a l i s t  o f  1 8  ?omputer  s c h e d u l i n g  
models which, w i t h  one e x c e p t i o n ,  are a l r e a d y  i n  u s e  i n  the a e r o -  
s p a c e  i n d u s t r y .  Docurr.entation on these programs was found t o  be  
meager - s o  meager i n  f a c t  t h a t  an i n t e n s i v e  l i t e r a t u r e  s e a r c h  
t u r n e d  up w r i t t e n  r e p o r t s  on only 7 o f  t h e  18  models  l i s t e d .  
T h i s  s e c t i o n  p r e s e n t s  summary d e s c r i p t i o n s  of e a c h  o f  t h e  7 
models f o r  which documenta t ion  was found.  

Though t h e  models vary  i n  c o m p l e x i t y ,  f l e x i b i l i t y ,  
and c a F a b i l i t y ,  c e r t a i n  s i m i l a r i t i e s  i n  c o n s t r u c t i o n  can  b e  
r ioted.  All are o r g a n i z e d  i n t o  t h r e e  d i s t i n c t  though n o t  
n e c e s s a r i l y  s e p a r a t e  s e c t i o n s :  Data  P r e p a r a t i o n ,  S c h e d u l e r ,  
and O u t p u t .  Y i n i m a l l y ,  t h e  f u n c t i o n  of  t h e  Data P r e p a r a t i o n  
s e c t i o n  i s  t o  a c c e p t  a v a r i e t y  o f  s p a , c e c r a f t ,  crew,  and exDeri-  
ment d a t a  and t o  a r r a n g e  i t  accord i i ig  t o  t h e  needs  o f  t h e  S c h e d u l e r .  
I t  may,  depending  upon t h e  p a r t i c u l a r  model ,  p e r f o r m  a v a r i e t y  o f  
a d d i t i o n a l  f u n c t i o n s  such  a s  e s t a b l i s h i n g  t a s k  p r i o r i t i e s  f o r  a l l  
.___ . _  a? m a l y z t n g  t h e  i n n u t  d a t a  L o  d e ~ e r n l n e  w h e t h e r  ;T 
Z G ~  a E r o s s  c o m p a t i b i l i t y  e x i s t s  between t h e  spacec?a f t / c r e -v  
c ? . ; l ? b l ' l i t i e s  ?.rd t h e  t z s k  requi -eTen?z .  

,' - _ I .  ,- * 

The S c h e d u l e r  s e c t i o n  c o n t a i n s  t h e  s c h e d u l i n g  a l g o r i t h m .  
Though each  a l g o r i t h m  i s  unique ,  t h e y  g e n e r a l l y  f o l l o w  one o f  
two approaches  : " s e a u e n t i a l "  t i m e l i n i n g  or t i m e l i n i n g  b y  "window- 
filling." I n  t h e  s e q u e n t i a l  approach ,  t i m e l i n e s  a r e  c o n s t r u c t e d  
by s c h e d u l i n g  a c t i v i t i e s  i n  c h r o n o l o g i c a l  o r d e r ,  i . e . ,  i n  a way 
ana logous  t 9  a d d i n g  s u c c e s s i v e  l i n k s  t o  a c h a i n .  The s e l e c t i o n  
o f  t h e  i n d i v i d u a l  a c t i v i t y  - o r  l i n k  - t o  b e  s c h e d u l e d  a t  a 
p a r t i c u l a r  t i m e  i s  accompl ished  by choos ing  t h e  h i g h e s t  p r i o r i t y  
a c t i v i t y  ( f rom t h e  group o f  a c t i v i t i e s  which have  n o t  y e t  been  
s c h e d u l e d )  whose r e q u i r e m e n t s  can be  m e t  a t  t h a t  p o i n t  i n  t h e  
t i m e l i n e .  The  task h a v i n g  been s c h e d u l e d ,  m i s s i o n  t i m e  i s  i n c r e -  
mented by an amount e q u a l  t o  t h e  t i m e  r e a u i r e d  f o r  t h e  t a s k ,  and 
t h e  p r o c e s s  i s  r e p e a t e d .  The w i n d o w - f i l l i n g  apDroach i s  t h e  con- 
v e r s e  o f  t h e  s e q u e n t i a l  approach .  Each t a s k  i s  s c h e d u l e a  i n  
d e s c e n d i n g  o r d e r  of p r i o r i t y  by s e a r c h i n g  o v e r  t h e  e n t i r e  rn iss lon  
t i n e  w t i l  a tiiiie i s  found ( U s u a i i y  t h e . f i r s t  o p p o r t u n i t y )  wnen 
t h e  t a s k  r e q u i r e m e n t s  a r e  compat ib le  w i t h  t h e  p a s t ,  p r e s e n t ,  
and f u t u r e  c o n d i t i o n s  a l r e a d y  e x i s t i n g  i n  t h e  t i m e l i n e .  

The p-imary f u n c t i o n  o f  t h e  0uL;put s e c t i o n  i s  t o  p r i n t  
o u t  t h e  t i m e l i n e  data  for each crewman. .Again ,  depending  upon 
t h e  model ,  t h e r e  may b e  a number of  d i f f e r e n t  t y p e s  of a n a l y s e s  
pe r fo rmed  t o  measure t h e  e f f i c i e n c y  o f  t h e  t i m e l i n e  a g a i n s t  
d i f f e r e n t  c r i t e r i a  ( i . e . ,  t ime u t i l i z a t i o n ,  s c i e n t i f i c  e f f e c -  
t i v e n e s s ,  e t c . ) .  

I n  g e n e r a l ,  t h e  documenta t ion  s t r e s s e d  t h r e e  a s p e c t s  
o f  t h e  computer  models :  t h e  s c h e d u l i n g  a l g o r i t h m ,  t h e  i n p u t  
d a t a  r e q u i r e d ,  and t h e  method of  e s t a b l i s h i n g  t a s k  p r i o r i t i e s .  The . 
c o n t e n t s  of  t h e  d e s c r i p t i . o n s  which f o l l o w  r e f l e c t  t h i s  emphas is .  



- 3 -  

hc r: 
d 
r - l  
7 a 
a, 

v3 

a 
a, 
+, 
to 
d 
tn 
rn 
4 

k 
a, 
Q 
3 
p. 

V 

h 
P 

5 

5 

rJ7 
Q c 

..) 
h 

.n 
n 
rn 
Q c 

d 
k 
a, 
P 
X 

CT-l 

a 
a, 
c, 
cd 
k 
hc 
a, 
-P 
c 
ti 

c 
0 

. r i  
Kn 
[o 

2 
5 
5 
a, 

0 
d 
k 
c-, 
0 
a, 
d 
W. 
ri 
cd 
& 

w, c 
d 
k 
a, 
a, c 

+ 
bo c 
d 
a, 
0 a 

t a 
a, 
a) 

4: 
0 
0 
GI 
.I\ 

n 
tO 
.r! 
Kn 
3, 
rl 
cd 

.n 
n 
(13 
c, 
G 
a, 
E 

r; 
c, 
a, 2 

0 
L 
m 

4 
Lc 
(d 
r i  

li 
k 
a, 
G4 

x w 
&!. 
7 
0 a 

5 
c 
cd 

d 
=I 
U 
a, 
K 

c 
4 k 

0 
6-+ 

k 
0 
k 

d 
ri 
Q, 

5 
K 
E 
.h  

9 
k 
M 
0 
k 
C4 

M c 
d 
ri 
3 
5 
a, c 
0 

WI 

Kn 

rn 
c 
0 c c 

0 
c7 
0 
5: 

a, 
0 
k 
3 
0 
rn 
Q, 
U 

c o  
C d  a 
otn c 

rl 
a, 
5 
0 
E 

a, 
7 
0 

t 
rl 
rl 

..) 
2 
k 
hD 
0 
k 
Pi 

0 
m .rl 

c. 

a, 
E 

.co 
a, 
5 
0 
E 

0) 
d 
rn 
h 
rl 
cd 
c 
4 

a 
0 .n 

n 

4: 
k 
0 
3 
0 
a, z 
x 
c, 
.d 
? 
d 
c, 
0 
4 
W 

H 
H 

k 
0 

rn 
d 
Kn 
h 

r+ 
cd 
c 
4 

c 
.rl 
r-l 
3 
5 
a, 
-2 
m 
W 

a r: 
cd t 

5 
a, 
a, c 
4: 
0 . o  

Cll 
.h 

n 
rn 

c 
cd 
0 

rn 
d 
Kn 
h 

r i  
cd c 
4 

c 
0 

[o 
aJ c 

0 .A 
k 

.ri 
c, 
0 

bL 
G a, 

E 
4 

a, n 
H 

.s rl a, 
L2 r( 

3 
73 
a, 

Q, 
E c 

4J 
k 
0 z 
. C  

5 5  
5 
H 

rn 
c, 
!z 

d 
& 
a, a 
x w 

2 

c 
0 
ul 

w 
H 
E 

m 

W 

5 

5 a ,  
0 0  
P C  
TI  a, 
k k  
O a ,  
r n l k  
a , @  n u  * +  

a, 
=I 
0 
d 

L-6 
43 
c, 
a, 
d 
$4 
cd 
E 

.I\ 

w 
H E-1 

0 u c .co .ri 
k 
3 

w 
z 2 

w 
Pi 
0 
E 

m 
4 
5: 

a, 
I3 

a, x 

I . . . .  . . .  . . . . . .  . . . e .  

r l c u  m a  In v ) t - m o \  o r l c u  m = t l n w t - m  * * *  * Y d r l r l ' r l r l r f r l d d  * * 

,_ --VI^-- 
-- 



8 

BELLCOMM. I N C .  - 4 -  

w 
, 2 . 1  CASP -. Crew A c t i v i t i e s  S c h e d u l i n g  Program 

Apol lo  Systems Depar tment ,  Gene ra l  E l e c t r i c  Company 

The v e r s i o n  of t h e  C r e w  A c t i v i t i e s  S c h e d u l i n g  Program 
(CASP) d e s c r i b e d  i n  Refe rence  1 i s  s p e c i f i c a l l y  d e s i g n e d  t o  
d e v e l o p  p re -mis s ion  "nominal" f l i g h t  p l a n s .  
t h e  program can g e n e r a t e  s c h e d u l e s  f o r  a maximum of t h r e e  crew- 
men b u t  can  b e  expanded t o  h a n d l e  l a r g e r  c rews .  
I s  c o n t r o l l e d  by an " e x e c u t i v e  computer  r o u t i n e "  which s e r v e s  
as an i n t e r f a c e  between t h e  u s e r  and t h e  program. 
r o u t i n e  o r g a n i z e s  and s e l e c t s  t h e  s p e c i f i c  s u b r o u t i n e s  r e q u i r e d  
for each  m i s s i o n  t i m e  and t a s k  a s s i g n n e n t  a s ses smen t  aRd a l l o w s  
for t h e  i n c o r p o r a t i o n  of a l t e r n a t e  o r  a d d i t i o n a l  r o u t i n e s .  
program o p e r a t i o f i s  f low d iagram f o r  t h e  CASP i s  shown i n  F i g u r e  1. 
It i l l u s t r a t e s  t h e  t y p e s  of i n p u t  d a t a  r e q u i r e d ,  t h e  o p e r a t i o n s  
per formed by t h e  program,  and t h e  v a r i o u s  o u t p u t  o p t i o n s .  

I n  i t s  p r e s e n t  form 

The program 

The e x e c u t i v e  

A 

2 . 1 . 1  I n p u t  Requi rements  

Fo-x' basic ty;nes  of  i n p u t  d a t a  a r e  r e n - u i r e d :  t r a : ' ec -  
t o r y  i n f o r m a t i o n ,  a l i s t  of  a l l  a c t i v i t i e s  w i t h  a s s c c i a t e d  con- 
s z r a i n t s  and priority r a t i n g s ,  crew c c n s t r a i n t s ,  and the 
o p e r a t i o n a l  c a p a b i l i t y  of t h e  s p a c e c r a f t  and i t s  s i g n i f i c a n t  
subsys t ems  ( i . e . ,  power,  t h e r m a l ,  a t t i t u d e  c o n t r o l ,  e t c . ) .  
C r e w  a c t i v i t i e s  a r e  d i v i d e d  i n t o  f o u r  d i f f e r e n t  c l a s s e s  o f  t a s k s :  

a .  F l i g h t  Vechanics  - t h o s e  t a s k s  d i r e c t l y  concerned  
w i t h  o r b i t a l  maneuvers.  

b. System O p e r a t i o n s  - i n c l u d i n g  s p a c e c r a f t  "housekeeping"  
tasks s u c h  as communicat ions,  n a v i g a t i o n ,  and  system, 
s t a t u s  c h e c k s .  

c .  P e r s o n a l  A c t i v i t i e s  - e a t i n g ,  s l e e p i n g ,  r e s t ,  and 
p e r s o n a l  h y g i e n e .  .. 

d.  Experiment  A c t i v i t i e s  - t h o s e  t a sks  r e l a t e d  t o  t h e  
pe r fo rmance  of s c l e n t i f i c  e x p e r i m e n t s .  

T h i s  s y s t e m  i s  i n t e n d e d  t o  p e r m i t  t h e  r e d u c t i o n  of' he te rogenecus  
a c t i v i t i e s  i n t o  s p e c i f i c  c l a s s i f i c a t i o n s  t o  which a numer lc  
p r i o r i t y  sys t em as w e l l  as o t h e r  q u a n t i t a t i v e  r u l e s  can  be  
a p p l i e d .  P y i o r i t y  r a t i n g s  i n  t h e  CASF model a re  a p p l i e d  t o  
c l a s s e s  of t a sks  a s  w e l l  as t a sks  w i t h i n  a c l a s s .  

. * 
R e f e r e n c e  1 



c 

Y 
r.0 
c 
I- 
t-- z 
W 
CL 
CL 
3 

- 0  _9 

v)m 
w w  
I-- 
UI- 
J -  
= a  
00 
-1- 
UCY on. 

c - 5- 

I- 
2 
P 
I- 
3 
0 

L I 
3 

k .  

a 
- 
4 

I - 
U z 
0 



-LCOMM, I N C .  - 6 -  

2 . 1 . 2  O p e r a t i o n s  

The o p e r a t i o n a l  approach  t o  z c t i v i t y  s c h e d u l i n g  u s c i  
by t h e  CASP i s  a c o n t i n u o u s l y  i t e r a t i v e  p r o c e s s  i n  which t h e  
p r i o r i t i e s  o f  a l l  t a s k s  are  c a l c u l a t e d  and t h e n  t h e  t a sk  r e q u i r e -  
ments are t e s t e d  a g a i n s t  t h e  e x i s t i n g  c o n s t r a i n t s  i n  d e s c e n d i n g  
o r d e r  of p r i o r i t y .  The f i rs t  t a sk  c o n s i s t e n t  w i t h  a l l  o f  t h e  
e x i s t i n g  c o n s t r a i n t s  i s  schedu led .  It s h o u l d  be n o t e d  t h a t  t h e  
CASP program s c h e d u l e s  b y  s e q u e n t i a l  a s s ignmen t  r a the r  t h a n  b y  
w i n d o w - f i l l i n g ,  though a look-ahead" c a p a b i l i t y  i s  i n c l u d e d  
to assure t h a t  t h e  t a s k  ass ignment  w i l l  n o t  c o n f l i c t  w i t h  
f u t u r e  t a s k s .  R e c a l c u l a t i o n  o f  t ask  p r i o r i t y  a t  each  i t e r a t i o n  
i s  n e c e s s a r y  because  t h e  CASP p r o v i d e s  f o r  a t i m e - v a r y i n g  p r i o r i t y  
f o r  many t a s k s ,  e s p e c i a l l y  t h o s e  conce rned  w i t h  t h e  c r e w ' s  p e r s o n a l  
a c t i v i t i e s .  For example ,  t h e  p r i o r i t y  of  a I f s l e e p i n g  t h s k f f  or 
" e a t i n g  task"  w i l l  i n c r e a s e  as t h e  t i m e  from t h e  l a s t  e x e c u t i o n  
of  t h a t  p a r t i c u l a r  t a s k  i n c r e a s e s .  I n  a d d i t i o n ,  a f a t i g u e  
i n c r e m e n t  i s  a s s o c i a t e d  w i t h  each  t a sk  and a r e s t  p e r i o d  i s  
~ c : ? 3 5 ~ ~ 1 e c !  fo=. 8 crev;r?m !.:hen h i s  a c c u n u l z t e d  fatig1.ie l eve l .  reac!-ies 
L l l e  s p e c i f i e d  t h r e s h o l d .  

Constrainr ,s  a r e  d i v i d e d  i n t o  t n r e e  g r o u p s :  re1 ;Lt lcn-  
s h i p s  between tasks  and between tasks  and m i s s i o n  e v e n t s ;  sub-  
sys t em and equipment  c a p a b i l i t y ;  and crew c a p a b i l i t y .  Af te r  
a l l  o f  t h e  unschedu led  t a s k s  have been  a r r a n g e d  i n  o r d e r  of t h e i r  
c u r r e n t  priority, t h e y  a r e  t e s t e d  a g a i n s t  t h e  f i r s t  s e t  o f  con- 
s t r a i n t s  - i . e . ,  t h o s e  r e l a t i n g  t o  p r e v i o u s l y  s c h e d u l e d  tasks ,  
t h e  s p a c e  :raft e p h e m e r i s ,  and o t h e r  m i s s i o n  e v e n t s .  Those tasks  
t h a t  a r e  c o m p a t i b l e  w i t h  t h i s  s e t  o f  c o n s t r a i n t s  form a "condensed  
t a s k  l i s t . "  The r e q u i r e m e n t s  f o r  t h e  tasks on t h i s  condensed 
l i s t  are  t e s t e d  f o r  c o m p a t i b i l i t y  w i t h  subsys t em and equipment  
l i m i t a t i o n s .  The t a sks  compa t ib l e  w i t h  t h e s e  l i m i t a t i o n s  are  
t e s t e d  for c o m p a t i b i l i t y  w i t h  crew a v a i l a b i l i t y .  The t a s k  o f  
h i g h e s t  p r i o r i t y  which i s  compa t ib l e  w i t h  a l l  t h r e e  c l a s s e s  o f  
c o n s t r a i n t s  i s  s c h e d u l e d .  

2 . 1 . 3  Output  Op t ions  

Output  s c h e d u l e s  a r e  a v a i l a b l e  on f o u r  l e v e l s  o f  
d e t a i l .  The f i r s t  l e v e l  p r o v i d e s  m i s s i o n  t i m e ,  ground s t a t i o n  
c o n t a c t ,  v e h i c l e  day /n igh t  c y c l e s ,  o r b i t  number, t a sk  name and 
i d e n t i f i c a t i o n  number, t a s k  d u r a t i o n ,  t h e  r o l e  o f  t h e  creivmen 
and t h e  l o c a t i o n  o f  t h e  per formance  o f  t h e  t a s k .  T h e  second  
l e v e l  mere ly  s p a c e s  a d j a c e n t  l i s t i n g s  p r o p o r t i o n a l  to t h e  du ra -  
t i o n  o f  t h e  r e s p e c t i v e  t a s k s  t o  form a g r a p h i c  crew t i m e l i n e .  
The t h i r d  l e v e l  p r o v i d e s  a l l  o f  t h e  p r e v i o u s  i n f o r m a t i o n ,  b u t  
a d d s  t h e  f a t i g u e  l e v e l  o f  each  crewman a t  t h e  comple t ion  o f  a 
t a s k ,  t ask  c y c l e  t i m e ,  f u e l  consumpt ion ,  power r e q u i r e m e n t s  and 
d a t a  a c c u m u l a t i o n .  Leve l  4 i s  i n t e n d e d  f o r  d e t a i l e d  s c h e d u l i n g  
a n a l y s i s  a n d  shows t h e  " b a s i c  f a c t o r s "  c o n s i d e r e d  a t  t h e  t i m e  
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of each  t a s k  a s s i g n m e n t .  I n  a d d i t i o n ,  summary s t a t i s t i c s  a re  
p r i n t e d  a t  t h e  end of  e a c h  24-hour p e r i o d  which show t h e  t o t a l  
t i m e  and p e r = t ? n t  of  m i s s i o n  t i m e  spenl-. f o r  a l l  a c t i v i t i e s ,  t h e  
number of  expe r imen t  p h a s e s  a s s i g n e d  t o  e a c h  crewman, t h e  number 
of t h o s e  p h a s e s  which were  completed and t h e  number which were 
i n t e r r u p t e d .  

2.1.4 Comments 

of t h e  i m p o r t a n c e  o f  human f a c t o r s  when g e n e r a t i n g  a crew a c t i -  
v i t y  s c h e d u l e .  T h i s  i s  m a n i f e s t e d  i n  i t s  c o n s i d e r a t i o n  of cr'ew 
f a t i g u e  and by an  a t t e m p t  t o  s c h e d u l e  t a s k s  w i t h  s u f f i c i e n t  
v a r i e t y  t o  a v o i d  boredom and d e c r e a s e d  pe r fo rmance .  Though 
i t  was s t a t e d  t h a t  b o t h  t h e s e  f a c t o r s  were c o n s i d e r e d ,  n o  men- 
t i o n  was made of how t h e  f a t i g u e  t h c e s h o l d  or t h e  c r i t e r i a  
u sed  t o  a s s i g n  f a t i g u e  f a c t o r s  t o  s p e c i f i c  t a sks  were e s t a b l i s h e d .  
L i k e w i s e ,  no  d e t a i l s  were g i v e n  on how t h e  s c h e d u l i n g  o f  t asks  
was m a n i p u l a t e d  t o  r e l i e v e  boredom. 

One i m p r e s s i v e  f e a t u r e  o f  t h e  CASP i s  i t s  cogn izance  

The CASP was s p e c i f i c a l l y  deve loped  for u s e  as a D r e -  
l a m c h  t o o l  f o r  d e v e l c p i n g  norninal crew a c t i v i t y  s c h e d u l e s  k i ~ t  
i s  b e i n g  m o d i f i e d  for u s e  as  a real-t ime t o o l  i n  c o n t i n g e n c y  
p l a n n i n g .  The r e a s o n s  for i t s  p r e s e n t  l i m i t a t i o n  t o  p r e - l a u n c h  
p l a n n i n g  a re  n o t  c l e a r .  No ment ion  i s  made o f  program s i z e  or 
r u n n i n g  t i m e  though one  may i n f e r  from t h e  d e s c r i p t i o n  t h a t  b o t h  
a r e  q u i t e  l a r g e .  
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2 . 2  Experiment  S c h e d u l i n g  and C o m p a t i b i l i t y  A n a l y s i s  Model 
for E a r t h  o r  P l a n e t a r y  O r b i t  
MSFC ana  t h e  Brown E n g i n e e r i n g  Company 

i 

2 . 2 . 1  I n p u t  Program 

The s c h e d u l i n g  p rocedure  i s  accompl ished  by r u n n i n g  
t h r e e  computer  programs i n  sequence .  The f i r s t  o f  t h e  t h r e e  
programs i s  t h e  Experiment  and A s t r o n a u t  I n p u t  Program. Its 
f u n c t i o n  i s  t o  p r o c e s s  and sort i n p u t  d a t a ,  e s t a b l i s h  d a i l y  
a s t r o n a u t  s c h e d u l e s  ( i . e . ,  s l e e p ,  e a t i n g ,  and r e s t  p e r i o d s )  
and t o  s c h e d u l e  I n e r t i a l  Measurement Uni t  (IMU) a l i g n m e n t s  
ar,d sys tem s t a t u s  checks .  F i n a l l y ,  i t  e s t a b l i s h e s  t h e  p r i o r i t y  
i n  which t h e  e x p e r i m e n t s  a r e  t o  be s c h e d u l e d .  I n p u t s  t o  t h i s  
program i n c l u d e  m i s s i o n  d u r a t i o n ,  number o f  a s t r o n a u t s  and t h e  
a c t i v i t y  c y c l e  of e a c h ,  s p a c e c r a f t  f e s o u r c e s  ( w e i g h t ,  p r e s s u r i z e d  
and u n p r e s s u r i z e d  volume, power,  da t a  t r a n s m i s s i o n  r a t e  and d a t a  
s t o r a g e  c a p a c i t y ) ,  and d a t a  on each  expe r imen t .  

The i n p u t  d a t a  r e q u i r e d  f o r  each  exper iment  i s  listed 
i f i  Tab le  2 .  " U t i l i t y  Value" i s  a number which i n d i c a t e s  t h e  
r e l a t i v e  p r i o r i t y  o f  t h e  expe r imen t .  Exper iments  may be i n p u t  
i n  t h e  p r i o r i t y  d e s i r e d  b y  t h e  u s e r  or t h e  p r e f e r e n t i a l  o rdey  
may be  e s t a b l i s h e d  by  t h e  program i t s e l f  u s i n g  any of a number 
of d i f f e r e n t  c r i t e r i a  ( i . e . ,  a s t r o n a u t  t i m e ,  w e i g h t ,  power,  e t c . ) .  
T h e  expe r imen t  t a s k s  a r e  broken down i n t o  t h r e e  p a r t s :  s e t u p ,  
run, and teardown which p e r m i t s  more a c c u r a t e  s c h e d u l i n g  i f  
d i f f e r e n ' ;  l e v e l s  o f  a s t r o n a u t  p a r t i c i p a t i o n  are r e q u i r e d  i n  e a c h  
o f  t h e s e  p h a s e s .  I n  a d d i t i o n ,  an  equipment  number i s  a s s i g n e d  
o n l y  t o  a p p a r a t u s  which i s  t o  be u s e d  f o r  more t h a n  one e x p e r i -  
ment .  The equipment  number i s  d e s i g n a t e d  as p a r t  o f  t h e  e x p e r i -  
ment i n p u t  d a t a  and a check i s  p r o v i d e d  i n  t h e  program to i n s u r e  
t h a t  t h e r e  i s  no equipment  c o n f l i c t  when s c h e d u l i n g  t h e  p a r t i c u l a r  
e x p e r i m e n t s  which u s e  t h a t  p i e c e  o f  equipment .  

The i n p u t  program p r i n t s  ou t  t h e  i n f o r m a t i o n  l i s t e d  i n  
T a b l e  3 .  T h i s  i n f o r m a t i o n  i s  a l s o  p u t  o n t o  magnet ic  t a p e  s o  
t h a t  it, may be  u s e d  as t h e  i n ? u t  t o  t h e  A c t i v i t i e s  S c h e d u l i n g  
Prosram which e s t a b l i s h e s  s p e c i f i c  start and f i n i s h  t imes f o r  
e x p e r i m e n t s  and a l l  o t h e r  a c t i v i t i e s .  T h e  program s c h e d u l e s  one 
m i s s i o n  d a y  a t  a t i m e  i n  c h r o n o l o g i c a l  o r d e r  b e g i n n i n g  w i t h  t h e  
f i r s t  m i s s i o n  d a y .  

2 . 2 . 2  S c h e d u l i n g  P rocedure  

Af t e r  r e a d i n g  o f f  t h e  a s t r o n a u t  f i x e d  s c h e d u l e s  
( i n c l u d i n g  sys t em s t a t u s  checks and I M U  a l i g n m e n t s )  f o r  t h e  i t h  
day  from t h e  i n p u t  t a p e ,  t h e  program checks  each  expe r imen t  in 
d e s c e n d i n g  o r d e r  o f  p r i o r i t y  u n t i l  i t  f i n d s  one which has n o t  

* 
Refe rence  2 
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'TABLE 2 

EXPERIMENT INPUT D A T A  TC, THE 
EXPERIMENT AND ASTRONAUT INPUT PROGRAM 

-Exper iment  code 

.Experiment  number 

. ~ a r l y  s t a r t  t i m e  ( i n  days ,  h o u r s ,  and  m i n u t e s )  

- L a t e  f i n i s h  t i m e  ( i n  days ,  h o u r s ,  and m i n u t e s )  

* U t i l i t y  v a l u e  

- S e t u p  t i m e  r e q u i r e d  

-Run t ime r e q u i r e d  

*Teardown t i m e  r e q u i r e d  

*Number of  a s t r o n a u t s  r e q u i r e d  

* S p e c i f i c  a s t r o n a u t  d e s i g n a t e d  t o  r u n  t h e  expe r imen t  ( i f  
d e s i r e d )  

*Equipment number ( i f  t h i s  equipment  i s  a l s o  used  for o t h e r  
expe r imen t  s ) 

*Weight of equipment  r e q u i r e d  

- P r e s s u r i z e d  volume r e q u i r e d  for equipment  s t o r a g e  

* U n p r e s s u r i z e d  volume r e q u i r e d  for equipment  s t o r a g e  

*Average  power r e q u i r e d  d u r i n g  t h e  s e t u p ,  r u n ,  and teardown 
t i m e  of  t h e  expe r imen t  

*Rate  a t  which d a t a  a r e  g e n e r a t e d  ( i f  t h e  d a t a  a re  hand led  
by t h e  c e n t r a l  d a t a  h a n d l i n g  s y s t e m )  

*Ephemer is  r c q u i r e m e n t s  
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TABLE 3 

OUTPUT FROT" THE EXPERIMENT AND ASTPOTTAUT INPUT PROGRAM 

S p a c e c r a f t  I n f o r m a t i o n  

= T o t a l  w e i g h t  a v a i l a b l e  f o r  e x p e r i m e n t s  

- T o t a l  p r e s s u r i z e d  volume a v a i l a b l e  for e x p e r i m e n t s  

* T o t a l  u n p r e s s u r i z e d  volume a v a i l a b l e  for e x p e r i m e n t s  

*Average power a v a i l a b l e  for e x p e r i m e n t s  

*Maximum d a t a  t r a n s m i s s i o n  r a t e  

*Maximum d a t a  s t o r a g e  c a p a c i t y  

Miss ion  arid Exoerirnents  

-Number of a s t r o n a u t s  a v a i l a b l e  for work 

*Miss ion  l e n g t h  

*Number of expe r imen t s  s u b m i t t e d  for s c h e d u l i n g  

- 7 o t a l  we igh t  r e q u i r e d  for a l l  e x p e r i m e n t s  

* T o t a l  man-hours r e q u i r e d  for a l l  e x p e r i m e n t s  

* T o t a l  power r e q u i r e d  for a l l  e x p e r i m e n t s  

* T o t a l  b i t s  o f  i n f o r m a t i o n  t o  be c o l l e c t e d  

- T o t a l  u n p r e s s u r i z e d  volume used  

L W L ~ . L  pi -essur>ized  volume used  

-Number of ephemer i s  e x p e r i m e n t s  

-Maxivum expe r imen t  r u n n i n g  t i n e  

. r n - ~ - i  
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been  s c h e d u l e d .  I f  t h e  d u r a t i o n  bounded by t h e  s t a r t  and 
f i n i s h  t i m e s  f o r  t h e  exper iment  does n o t  i n c l u d e  t h e  i t h  day ,  
t h e  program cb l i t i nues  i t s  s e a r c h .  
a check  i s  made t o  d e t e r m i n e  i f  t h e  expe r imen t  i s  ephemer is -  
bound; i f  i t  i s ,  a n o t h e r  s u b r o u t i n e  d e t e r m i n e s  when, i f  any ,  
o p p o r t u n i t i e s  f o r  pe r fo rmance  w i l l  o c c u r  on t h e  i t h  day .  I f  
n o  o p p o r t u n i t i e s  are  found ,  t h e  expe r imen t  s e a r c h c o n t i n u e s .  
A s t r o n a u t  a v a i l a b i l i t y  i s  de te rmined  n e x t  by n o t i n g  i f  t h e  
a s t r o n a u t  i s  a v a i l a b l e  a t  any time d u r i n g  t h e  time s p e c i f i e d  f o r  
t h e  per formance  of t h e  expe r imen t .  If no a s t r o n a u t  i s  a v a i l a b l e  
t h e  e f f o r t  on t h a t  expe r imen t  i s  t e r m i n a t e d  and t h e  s e a r c h  con- 
t i n u e s .  If  a s t r o n a u t  t i m e  is a v a i l a b l e ,  a check i s  made on 
e l e c t r i c a l  power and equipment a v a i l a b i l i t y .  I f  all of  t h e  
s c h e d u l i n g  r e q u i r e m e n t s  a r e  met ,  t h e  t i m e  i s  e n t e r e d  o n t o  t h e  
a s t r o n a u t ' s  s c h e d u l e ,  t h e  expe r imen t  i s  marked as h a v i n g  been  
s c h e d u l e d ,  and t h e  s e a r c h  c o n t i n u e s .  When t h e r e  i s  no more 
t i m e  a v a i l a b l e  on t h e  i t h  d a y ,  t h e  a s t r o n a u t s '  s c h e d u l e  for 
t h a t  day i s  c o n s i d e r e d  f i n a l  and i s  t r a n s f e r r e d  from c o r e  
stcr2.c;e t o  an o u t p u t  t a p ? .  T h e  i n o u t  t a p e  ts re:counc! m? t h e  
FI'"GC+.:';X b e g i n s  agair i  f o r  t h e  day i+i. 

I f  the i t h  day i s  i n c l u d e d ,  

When s c h e d u l e s  have been completed f o r  a l l  of t h e  
m i s s i o n  d a y s ,  t h e  we igh t  and volume for a l l  s c h e d u l e d  e x p e r i -  
ments  i s  checked to make c e r t a i n  t h a t  t h e  o v e r a l l  l i m i t s  have 
n o t  been exceeded .  If t h e y  have ,  t h e  Drogram e l i m i n a t e s  
e x p e r i m e n t s  of l o w e s t  p r i o r i t y  u n t i l  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  
a r e  w i t h i n  t h e  d e f i n e d  l i m i t s .  

2 . 2 . 3  Output  Program 

The Output  Program reads a t a p e  g e n e r a t e d  b y  t h e  
A c t i v i t y  S c h e d u l i n g  Program and p r i n t s  a m i s s i o n  summary showing 
t h e  t i m e s  e a c h  e x p e r i m e n t  i s  t o  b e g i n  and end and which a s t r o n a u t  
i s  a s s i g n e d  t o  conduc t  i t .  I n  a d d i t i o n ,  i t  s c h e d u l e s  p e r i o d s  of 
da t a  t r a n s m i s s i o n  and p r i n t s  o u t  t h e  t r a n s m i s s i o n  t imes and a '* 

r u n n i n g  t o t a l  o f  t h e  amount of d a t a  i n  s t o r a g e  a t  any p a r t i c u l a r  
t i m e .  

2 . 2 . 4  Comments I 

The f l e x i b i l i t y  o f  t h e  w i n d o w - f i l l i n g  t e c h n i q u e  i s  
o f f s e t  by l i m i t i n g  t h e  c o n s i d e r a t i o n  o f  s c h e d u l i n g  a l t e r n a t i v e s  
t o  one  2 4  hour  p e r i o d  at a t ime.  A more e f f i c i e n t  t i m e l i n e  
c o u l d  be d e r i v e d  i f  t h e  e n t i r e  m i s s i o n  t i m e  were c o n s i d e r e d  a t  
e a c h  s c h e d u l i n g  a t t e m p t .  
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The e f f i c i e n c y  of t h e  o u t p u t  t i m e l i n e  a s  well as 
t h e  o p e r a t i o n  o f  t h e  model could  be improved b y  pe r fo rming  
t h e  check of exper iment  we igh t s  and vo;l.mes b e f o r e  any t ime-  
l i n i n g  has been per formed.  E l i m i n a t i n g  t h e  l o w e s t  p r i o r i t y  
expe r imen t s  a f t e r  t h e  s c h e d u l e s  have  been e s t a b l i s h e d  l e a v e s  
h o l e s  i n  t h e  a s t r o n a u t s '  t i m e l i n e s ,  which may r educe  t h e  
e f f i c i e n c y  of  t h e  s c h e d u l e .  A l s o  t h e  computer run  might  be 
s i g n i f i c a n t l y  s h o r t e n e d  i f  t h e  .need  t o  s c h e d u l e  s e v e r a l  e x p e r i -  
ments  were e l i m i n a t e d  p r i o r  t o  t h e  b e g i n n i n g  of  t h e  s c h e d u l i n g  
p r o c e s s .  

Y 
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2 . 3  Exper iments  S c h e d u l i n g  Program, A Proposed  Approach * 
TRW S y s t e m  

It s h o u l d  be  n o t e d - a t  t h e  o u t s e t  t h a t  what i s  d e s c r i b e d  
below i s  a concep t  or a proposed  approach  and n o t  a working  model .  
The approach  has been deve loped  t h r o u g h  t h e  p r e l i m i n a r y  d e f i n i t i o n  
p h a s e  b u t  f u r t h e r  work has  been suspended  Dending d e c i s i o n s  from 
MSC as t o  t h e i r  s p e c i f i c  r e q u i r e m e n t s  f o r  a s c h e d u l i n g  model. 

The model i s  d i v i d e d  i n t o  t h r e e  "modules ."  The P r e -  
p r o c e s s o r  Module p r o c e s s e s  t h e  i n p u t  d a t a  i n t o  a form a c r e p t s b l e  
t o  t h e  S c h e d u l e r  Module. The l a t t e r  g e n e r a t e s  t h e  a c t u a l  
a c t i v i t y  t i m e l i n e s  w h i l e  t h e  Output Module c o l l a t e s  t h e  d a t a  
and o u t p u t s  a v a r i e t y  o f  summary i n f o r m a t i o n .  A f u n c t i o n a l  
f l o w  d iagram o f  t h e  e n t i r e  model,  shown i n  Fi,pur*e 2 ,  g i v e s . t h e  
d e t a i l e d  . f u n c t i o n s  o f  each  module and i l l u s t r a t e s  t h e i r  i n t e r -  
r e l a t i o n s h i p s .  

P.s t h e  f i g u r e  shows, b a s i c  i n p u t  d a t a  f a l l s  i r , t o  o r ?  
of f o u r  g e n e r a l  c a t e g o r i e s .  The Resource D e f i n i t i o n s  i n c l u d e  a 
v a r i e t y  of  da t a  which d e s c r i b e  t h e  c h a r a c t e r i s t i c s  o f  t h e  space -  
c r a f t ,  crew,  and four major  subsys tems ( a t t i t u d e  c o n t r o l ,  d a t a  
h a n d l i n g ,  e l e c t r i c a l  power,  and e n v i r o n m e n t a l  c o n t r o l ) .  Crew 
d a t ?  c o n s i s t s  o f  a s t r o n a u t  du ty  c y c l e s  and t h e  c h a r a c t e r i s t i c s  
of t h e  b a s i c  t a s k s  d e f i n e d  i n  t h a t  c y c l e .  The l a t t e r  i n c l u d e  
a c t i v i t y  s t a r t  t i m e ,  m e t a b o l i c  l e v e l  ( a s t r o n a u t ' s  l e v e l  o f  
e x e r t i o n ) ,  s t a t i o n  l o c a t i o n ,  and s t a t i o n  l i g h t i n g  c o n d i t i o n s .  
Run C o n t r o l  Var iab les  c o n t r o l  t h e  o p e r a t i o n  o f  t h e  model.  
i n c l u d e  f l a g s  which c o n t r o l  such  d e c i s i o n s  as t h e  r e s o u r c e s  t o  
be c o n s i d e r e d  i n  t h e  s c h e d u l i n g  p r o c e s s  and t h e  t y p e  o f  o u t p u t  
da ta  r e q u i r e d .  Also i n c l u d e d  a r e  v a l u e s  of t o t a l  m i s s i o n  time 
and t h e  i n c r e m e n t a l  t i m e  i n t e r v a l  ( t h e  s m a l l e s t  u n i t  o f  t i m e  
CGnsidered for t h e  s c h e d u l i n g  p r o c e s s ) .  

They  

An e l a b o r a t e  s e t  o f  d e f i n i t i o n s  i s  p r e s e n t e d  i n  
Re fe r t -nces  3 and .4 which 6 e s c r i b e s  t h e  a c t i v i t i e s  or- iasics used  
i n  t h j s  model .  
or o p e r a t i o n  i n c l u d i n g  r e p e t i t i o n s .  The EXOP c o n s i s t s  of one 
or more a c t i v i t y  g r o u p s ,  each  o f  which i s  a group o f  a c t i v i t i e s  
or t a sks  withi!. t h e  EXOP which must be per formed i n  a s p e c i f i e d  
s e q u e n c e  and w i t h i n  d e f i n e d  t i m e  i n t e r v a l s  o f  e a c h  o t h e r .  The 
r e q u i r e m e n t s  o f  each  exper iment  or EXOP a re  a l s o  r e a d  i n t o  t h e  
P r e p r o c e s s o r .  I n c l u d e d  i n  t h e  i n p u t  da ta  are  t h e  expe r imen t  
r a t i n g  or d e s i r a b i l i t y  f a c t o r  ( e x p l a i n e d  be low) ,  number o f  
r e p e a t  c y c l e s  a l o n g  w i t h  e a r l i e s t  s t a r t  and l a t e s t  end t imes 
of a l l  r e q u i r e d  r e p e t i t i o n s ,  t h e  manpower, sys t em,  t r a j e c t o r y ,  
and  equipment  r e q u i r e m e n t s ,  and t h e  a c t i v i t y  g roups  and s p e c i f i c  
t asks  which make up t h e  EXOP. 

EXOP i s  a d e s i g n a t i o n  f o r  an e n t i r e  expe r imen t  

if 
R e f e r e n c e s  3 and 4 
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2 . 3 . 2  P r e p r o c e s s o r  Module 

have n o t  bee;: f o r m u l a t e d  y e t .  Howeve:. t h e  module has f o u r  
main f u n c t i o n s :  

The implemen ta t ion  d e t a i l s  o f  t h e  P r e p r o c e s s o r  module 

a. T o  g e n e r a t e  a s p a c e c r a f t  ephemer i s  o r  t o  s t o r e  i n p u t  
ephemer i s  d a t a .  
ephemer i s  w i l l  n o t  have t o  be g e n e r a t e d  more t h a n  once .  
be s t o r e d  on t a p e  when g e n e r a t e d  and s u p p l i e d  as i n p u t  t o  sub-  
s e q u e n t  r u n s  r e q u i r i n g  t h e  same ephemer i s .  

s t a t i o n s  and p h o t o g r a p h i c  t a r g e t s  f rom t h e  ephemer is  d a t a .  

An o p t i o n  may be  p r o v i d e d  s o  t h a t  t h e  same 
It may 

b. To d e t e r m i n e  a l l  l i n e - o f - s i t e  c o n t a c t s  f o r  211 ground 

c .  T c  d e t e r m i n e  t h e  r e l a t i v e  p r i o r i t y  of  e a c h  EXOP and 
t o  t h e n  r a n k  t h e  EXOPs i n  d e s c e n d i n g  o r d e r  o f  p r i o r i t y .  The 
method of  e s t a b l i s h i n g  a c t i v i t y  p r i o r i t i e s  i s  r a t h e r  s u b j e c t i v e  
and vague .  P r i o r i t i e s  a r e  e s t a b l i s h e d  i n  o r d e r  t o  p e r m i t  a 
c h o i c e  between two or more a c t i v i t i e s  which a r e  competir-g f o r  
s r l i c ? c r 2 f t  r e s s u r c e s  a t  a giver, i n s t w t  of tine. '?ne ~ - r j o r L t i ? - :  
a r e  a f u n c t i o n  o f  b o t h  t h e  " d e s i r a b i l i t y  or i n h e r e n t  wbr th"  o f  
an a c t i v i t y  2 n d  t h e  d i f f i c i i l t y  of  t h e  a c t i v i t y .  -he  d e s i r Z . b i l i $ y  
f a c t o r  t a k e s  t h e  form o f  an i n p u t  v a l u e  a s s i g n e d  t o  e a c h  exDer i -  
ment or o p e r a t i o n .  The d i f f i c u l t y  f a c t o r  i s  a f u n c t i o n  of  t h e  
a c t i v i t y  r e q u i r e m e n t s  and is c a l c u l a t e d  i n t e r n a l l y .  The l a t t e r  
cons i de  r s  

m 

*Pe r fo rmance  r e s t r i c t i o n s  imposed by  t h e  s p a c e c r a f t  
e p h e m e r i s .  

-The  r e q u i r e d  l e v e l  of crew p a r t i c i p a t i o n .  

*The  r a t i o  o f  each  s u b s y s t e m  r e q u i r e m e n t  t o  t h e  
normal  c a p a b i l i t y  o f  t h a t  subsys t em.  

*Equipment r e q u i r e m e n t s .  

*Number of  r e p e a t  c y c l e s  r e q u i r e d .  

These  and o t h e r  f a c t o r s  a r e  r a t e d  n u m e r i c a l l y  and combined i n  
w e i g h t e d  form t o  e x p r e s s  t h e  r e l a t i v e  d i f f i c u l t y  of  the  a c t i v i t y .  
F i n a l l y  t h e  p r i o r i t y  r a t i n g  i s  s e t  e q u a l  t o  t h e  p r o d u c t  of  t h e  
d e s i r a b i l i t y  and d i f f i c u l t y  f a c t o r s .  

d .  To r e a r r a n g e  t h e  Resource D e f i n i t i o n  da t a  i n t o  
a base t i m e l i n e  f o r  each  crewman, which i s  t h e  b a s i c  i n p u t  
t o  t h e  S c h e d u l e r  Module. I n i t i a l l y  t h e  b a s e  t i m e l i n e  w i l l  
c o n t a i n  on ly  t h e  crew and housekeep ing  c y c l e s  which were i n p u t  
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t o  t h e  P r e p r o c e s s o r  Module. However, t h e  t i m e l i n e  w i l l  be 
updated  by t h e  S c h e d u l e r  Model a s  e a c h  expe r imen t  i s  s c h e d u l e d  
S O  t h a t  at any p o i n t  i n  t h e  s c h e d u l i n g  p r o c e d u r e ,  i t  w i l l  r e f l e c t  
t h e  corrmitm.. iits r e s u l t i n g  from a l l  ? ( - . t i v i t i e s  which have a l re3c 'y  
been s c h e d u l e d . .  

2.3.3 S c h e d u l e r  Module 

The EXOP r e q u i r e m e n t s  which must be  c o n s i d e r e d  when 
an EXOP i s  a c a n d i d a t e  f o r  s c h e d u l i n g  are  assumed t o  f a l l  i n t o  
two c l a s s e s  - e x p l i c i t  and i m p l i c i t ,  An e x p l i c i t  r e u u i r e m e n t  
i s  I ra demand t h a t  i s  s t a t e d  i n  terms o f  t h e  same l u n i t s '  a s  t h e  
a f f e c t e d  r e s o u r c e  or c o n d i t i o n , "  w h i l e  an i m p l i c i t  r s q u i r e m e n t  
i s  ' ' 3  demand t h e t  i s  most e a s i l y  (or can on ly  b e )  s t a t e d  i n c l i r e c t l y  
ar?d t h u s  must be  p r o c e s s e d  t o  check c o m p a t i b i l i t y . "  Examples 
of b o t h  t y p e s  o f  requirements a r e  g i v e n  i n  T a b l e  4 .  T h e . s c h e d u l i n g  
l o g i c  p r o v i d e s  t h a t  any c o n f l i c t  between t h e  r e q u i r e m ? n t s  of a 
c a n d i d a t e  EXOF and commitments a l r e a d y  i n  t h e  b a s e  t i m e l i n e  must 
k.5: ~ ~ ~ c l . v s c i  i n  fzTr~3r.  o f  t h e  l a t t e r  s i n c e  h y  4efinli;fo:: t , h ~ s - l  

y ;! 7 2  y s  TTi : : t 5 i; f :r] i 
I led anywhere ir! t h e  

f1-o;: list, of cs;-*:ji drl t .5 :::::GL.,,; . 

% 

* 

1 --I 

- .  -n - _  t y .  .. 

-, - "- -:,l 1 , - ..... ,, .. - 

The p r imary  component o f  t h e  S c h e d u l e r  Pl~du1.3 i s  t h e  
Z x e c u t i v e  model which p r o c e s s e s  all of  t h e  c a n d i d a t e  E Y O P s .  The 
!nod?l f l r s t  s e t s  up a "temporary" t i m e l i n e  by  duplicating th? 

which tkie e x p 1 i c i . t  r e q u i r e m e n t s  of  t h e  EXOP's f i r s t  A c t i v i t y  
Group a r?  c o m p a t i b l e  w i t h  t h e  c u r r e n t  commitments. C o n t r o l  i s  
t h e n  t r a n s f e r r e d  t o  t h e  I m p l i c i t  P r o c e s s o r  and E x p l i c i t  G e n e r a t o r  
(IPEG) which c o n t a i n s  "dynamic l i m i t  l i n e "  models  o f  f o u r  m a j o r  
subsys t ems  : a t t i t u d e  c o n t r o l ,  da ta  h a n d l i n g ,  e l e c t r i c a l  power,  . 
and e n v i r o n m e n t a l  c o n t r o l .  Each of t h e s e  models i n v e s t i g a t e s  
t h e  c o m p a t i b i l i t y  o f  t h e  A c t i v i t y  Group r e q u i r e m e n t s  w i t h  t h e  
c a p a b i l i t i e s  of  t h e  subsys tem.  I f  t h e y  a r e  c o m p a t i b l e ,  t h e  
A c t i v i t y  Group i s  i n s e r t e d  i n  t h e  temp.0rar-y t i m e l i n e  and t h e  

y t - i t l t ~ i l . i t y  o f  r e q u i r e m n t s  and commitments for t h e  E X O P ' ;  
r.?xt L?:iv?5y Group i s  s i m i l a r l y  i n v e s t i g a t e d .  A. ui i inue fF-lz.f;ure 
of t h e  sc:~t ;c iuler~ l o g i c  i s  t h e  c a p a b i l i t y  o f  t h e  subsystem n o d e l s  
i ~ i  the: I r l E 2  t o  check  n o t  only t h e  p r ? s e n t  c a p a b i l i t i e s  of t h e  
subsys t em i n  r e l a t i o n  to t h e  a c t i v i t y  r equ i r emen t  b u t  t o  also 
c o n s i d e r  t h e  f u t u r e  or "downstream" e f f e c t  on i t s  c a p a b i l i t y  
( a n d  hence  0 1 " -  t h e  p r e s e n t  commitments which a r e  downst reax  i n  
m i s s i o n  t i m e )  of  p l ac l . ng  t h e  a c t i v i t y  a t  t h a t  p a r t . i c u l a r  p l a c e  
i n  t h e  t i m e l i n e .  When a c c e p t a b l e  s c h e d u l i n g  o p p o r t u n i t i e s  have 
been  l o c a t e d  f o r  a l l  A c t i v i t y  Groups i n  t h e  EXOP, t h e  EXOP i s  
s c h e d u l e d  by making t h e  r e s u l t a n t  t empora ry  t i m e l i n e  t h e  new 

:: '5 -i.;c t i - : r i? l i~-~e . It l o c a t e s  t h e  first; cp! :~r tur , I  it 

# 
Refe rence  3 
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TABLE 4a 

EXOP Explicit Requirements 

. 'Number of Astronauts 

*Astronaut Station Location 

*Station Lighting 

*Astronaut Metabolic Limits 

*Special Equipment Required 

*Trajectory Requirements 
-a 

TABLE 4b 

EXOP Implicit Requirements 

*Attitude and Attitude Hold Mode 

*Data Handling and Communication 

*Electrical Power 

*Environmental Control and Life Support 
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b a s e  t i m e l i n e .  The EXOP i s  t h e n  removed from t h e  list o f  cand i -  
da t e  EXOPs and t h e  p r o c e d u r e  b e g i n s  a g a i n .  The p r o c e d u r e  i s  
r e p e a t e d  u n t i l  a l l  c a n d i d a t e  EXOPs have been  c o n s i d e r e d .  

2 .3 .4  Output  P r o c e s s o r  Module 

Detai ls  of  t h e  Output  P r o c e s s o r  Module have  n o t  been 
f o r m u l a t e d .  
a v a i l a b l e  s o  t h a t  i t  cou ld  p r o v i d e  d i f f e r e n t  i n f o r m a t i o n  and /o r  
t h e  same i n f o r m a t i o n  i n  d i f f e r e n t  f o r m a t s .  

It i s  a n t i c i p a t e d  t h a t  i t  w i l l  have  s e v e r a l  o p t i o n s  
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s 
2 . 4  H e u r i s t i c  T i m e l i n e  Program 

Space  D i v i s i o n ,  The Boeing Company 

The H e u r i s t i c  T ime l ine  Progr.in d e s c r i b e d  i n  Refe rence  5 
was deve loped  t o  pe r fo rm t i m e l i n e  s c h e d u l i n g  f o r  a la rge  m u l t i -  
p u r p o s e  s p a c e  s t a t i o n  w i t h  a maximum of 30 crewmen. The r e p o r t  
gives a r a t h e r  vague d e s c r i p t i o n  o f  t h e  program’s  o p e r a t i o n  and 
c a p a b i l i t i e s ,  b u t  does  supp ly  t h e  f u n c t i o n a l  flow d iag ram o f  
t h e  s c h e d u l i n g  model which is r ep roduced  i n  F i g u r e  3 .  Note t h a t  
t h e  model i s  a s i n g l e  program and cannot  be  u s e d  t o  d e r i v e  
d i f f e r e n t  l e v e l s  of d e t a i l .  Every change i n  i n p u t  d a t a  r e q u i r e s  
t h a t  t h e  e n t i r e  program be run a g a i n .  T h i s  can  be  q u i t e  c o s t l y  
s i n c e  Boeing h a s  i n d i c a t e d  t h a t  t h e  prograrn r e q u i r e s  a long 
r u n n i n g  t i m e .  

2 . 4 . 1  Prograrn I n p u t s  

The p rogram’s  d e g r e e  of s o p h i s t i c a t i o n  can  b e  i n f e r r e d  
from t h e  r e q u i r e d  i n p u t  d a t a .  T h e s e  a r e  shown i n  T a b l e  5 .  The 
crew s c h e d u l e  i n f o r m a t i o n  i n c l u d e s  t h e  nominal  t i n e  a t  tvh:ch e a c h  
2 -1- L C v b t  - ’ . m3rrlbsr p ? r f o ~ ~ s  his d a i l y  t a s k s  arid t h e  d u - r t i o n  of  t h e s s  
tasks.  Though t h e y  a r e  u s u a l l y  schedu led  a t  t h e  same t ime  e v e r y  
d a y ,  t h e  pe r fo rmance  t l n e  i s  a l lowed  $ 0  va;.; w i t h i n  t 2  hoLrs  t o  
p r o v i d e  some f l e x i b i l i t y  i n  s c h e d u l i n g  l o n g  d u r a t i o n o r  e p h e m e r i s -  
bound e x p e r i m e n t s .  All crewmen are  a s s i g n e d  t o  one o f  t h r e e  
o v e r l a p p i n g  s h i f t s  which p e r m i t s  c o n t i n u o u s  s t a t i o n  o p e r a t i o n .  
Each crewman i s  a s s i g n e d  p r imary  and secondary  skills s o  t h a t  two 
backup crewmen a re  a v a i l a b l e  t o  a s s i s t  t h e  p r imary  crewman re spon-  
s i b l e  f o r  each  expe r imen t  c a t e g o r y .  

S c h e d u l e d  ma in tenance  t a sks  are t h e  r e g u l a r  sys t ems  
h o u s e k e e p i n g  t a s k s  which can  be s c h e d u l e d  i n  advance .  They are. 
i n p u t  as a d a i l y  a c t i v i t y .  Unscheduled ma in tenance  r e p r e s e n t s  
r e p a i r  o f  equipment  f a i l u r e s .  The  o c c u r r e n c e  of  t h e s e  f a i l u r e s  
i s  g e n e r a t e d  by a Monte C a r l o  s i m u l a t i o n  o? t h e  m i s s i o n  i n  
a n o t h e r  program and i s  r e a d  i n t o  t h e  T i m e l i n e  Program as d i s c c e t e  
da ta .  The l a t t e r  c o n s i s t s  of t h e  t y p e  o f  f a i l u r e ,  r e p a i r  t ime,  . 
t h e  crewman c a p a b l e  of making t h e  r e p a i r ,  t h e  urgency  of  making 
t h e  r e p a i r ,  and any e x p e r i m e n t s  which cannot  b e  per formed u n t i l  
L I I C  ~ e p a f ~  i s  comple t ed .  

2 . 4 . 2  S c h e d u l e r  A lgor i thm 

4-L- 

A l l  of t h e  c h a r a c t e r i s t i c s  s3lown i n  T a b l e  5 are  
c o n s i d e r e d  when s c h e d u l i n g  an  expe r imen t .  Though n o t  c l e a r l y  
d e f i n e d ,  t h e  model a p p a r e n t l y  has some p r o v i s i o n  for d e t e r m i n i n g  
s p a c e c r a f t - t a r g e t  e n c o u n t e r s  and t h e  l i g h t i n g  c o n d i t i o n s  d u r i n g  
t h e s e  e n c o u n t e r s .  There i s  a l s o  n o  ment ion  of w h e t h e r  a s i n g l e  

* 
R e f e r e n c e  5 
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TABLE 5 

REQUIRED INPUTS TO THE HEURISTIC TIMELINE PROGRAM 

. B a s i c  C r e w  S c h e d u l e s  

* C r e w  S k i l l s  

*Maintenance  I n p u t s  

Scheduled  Maintenance 
Unscheduled Maintenance 

.Experiment  C h a r a c t e r i s t i c s  

Exp e rime n t  Cat ego r y 

Number of Rep e t  i t  i oils 
D u r a t i o n  o f  each Repet i t i l -?r ,  
I"-"linirr.ur;; and I4aximurn Tine be tveer ,  R e p e t i t i o n s  
E a r l i e s t  Miss ion  Time f o r  t h e  F i r s t  Per formance  
Lates t  Miss ion  Time f o r  t h e  L a s t  Per formance  
Crew S k i l l s  Requ i red  
P e r i o d i c  Moni to r ing  Requ i red  
Equipment Requ i red  
P r e d e c e s s o r  Experiment  Requ i red  
Ground T a r g e t s  Requ i red  
S p a c e c r a f t  and T a r g e t  L i g h t i n g  C o n d i t i o n s  
Q u a n t i t y  of  Data Genera t ed  p e r  R e p e t i t i o n  
Power Requi red  
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computer  r u n  s c h e d u l e s  an e n t i r e  m i s s i o n  o r  on ly  a f r a c t i o n  of i t .  
S i n c e  t h e  program 1s ab le  t o  s c h e d u l e  t h e  a c t i v i t i e s  o f  up t o  30 
crewmen, i t  i s  h i g h l y  l i k e l y  t h a t  i t  s c h e d u l e s  l ess  t h a n  t h e  
t o t a l  m i s s i o n  time, p e r h a p s  2 4  h o u r s .  

The pe r son ' a l  and s y s t e m  housekeep ing  s c h e d u l e s  are 
b l o c k e d  o u t  b e f o r e  t h e  s c h e d u l i n g  p r o c e s s  b e g i n s .  A t  e a c h  
s u c c e e d i n g  a v a i l a b l e  t i m e  i n t e r v a l ,  t h e  program f i r s t  a s s i g n s  
p r i o r i t i e s  t o  a l l  of  t h e  unscheduled  t a s k s .  Then, b e g i n n i n g  
w i t h  t h e  h i g h e s t  p r i o r i t y  t a s k ,  i t  checks  t h e  r e q u i r e m e n t s  o f  
each  t a s k  u n t i l  i t  f i n d s  one whose r e q u i r e m e n t  a r e  c o m p a t i b l e  
~ i t h  t h e  e x i s t i n g  c o n d i t i o n s .  The t a s k  i s  s c h e d u l e d ,  t i m e  i s  
i n c r e a s e d  t o  t h e  n e x t  a v a i l a b l e  t i m e  i n t e r v a l ,  and t h e  p r o c e s s  
b e g i n s  a g a i n .  The program c o n t i n u e s  i n  t h i s  manner u n t i l  a l l  
a v a i l a b l e  t i m e  i s  e x h a u s t e d .  

2 . 4 . 3  Program Output  

There  appear t o  be  no  o u t p u t  o p t i o n s .  T h e  on ly  ou t -  
 ut, r e n t i o i ? e d  i s  8 very  d e t a i l e d  m i s s i o n  t i m e l t n e  which  shzi*-:; 
a,: the 2 c t i v i t i e s  i n  sequenci-a1 x i s s i o n  t i n e  a l o n g  w i t h  a 
con ;> le t e  c i e s c r i c t i c n  o f  t h e  a c t i v i t y .  T h e  l a t t e ?  would incZude 
(where a p p l i c a b l e )  t h e  m i s s i o n  t i m e ,  t a s k ,  crewmen a s s i g n e d ,  
d a t a  s t o r e d  (or t r a n s m i t t e d ) ,  e l e c t r i c a l  power,  a t t i t u d e  p r o -  
p e l l a n t  r e q u i r e d  and f i n a l l y ,  t h e  ground s i t e  b e i n g  o b s e r v e d .  
Apparen t ly  t h e  program does  no o t h e r  summary a n a l y s e s .  
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2 . 5  O P T I M A  - O p e r a t i o n s  P l a n n i n g  Techniq.ues for I n t e g r a t e d  
n 

Miss ions  A n a l y s i s  
Convai r  D i v i s i o n ,  Gene ra l  Dynamics C o r p o r a t i o n  

2.5.1 System D e s c r i p t i o n  

A f u n c t i o n a l  f l ow d iagram o f  t h e  OPTIMA System i s  
shown i n  F i g u r e  4 .  
Program which i s  an e n g i n e e r i n g  d e s c r i p t i o n  of t h e  m i s s i o n .  It 
i n c l u d e s  s c h e d u l i n g  c r i t e r i a ,  crew c a p a b i l i t i e s  and c o n s t r a i n t s ,  
o r b i t a l  p z r a m e t e r s ,  t a r g e t  and communication ne twork  c h a r a c t e r i s t i c s ,  
trslc 2nd s u b s y s t e x  d ? s c r i p t i o n s ,  r e s o u r c e  c o n s t r z i n t s ,  and any o t h e r  
m i s s i o n  c o n s t r a i n t s  which a f f e c t  s c h e d u l i n g .  A l l  changes i n  
m i s s i o n  c h 2 r a a c t e r i L s t l c s  a r e  made i n  t h e  p r o g r a n ;  no  changes m e  
r e q u i r e d  i n  t h e  o t h e r  programs.  The Down-Translator and 
P r e p r o c e s s o r - E d i t o r  programs encode t h e  model an2  e s t a 5 i i s h  t h e  
n e c e s s a r y  w r a y s .  The l a t t e r  a l s o  e q i m i n a t e s  t h o s e  p o r t i o n s  o f  
t h e  model i t  w i l l  n o t  need  wi thou t  d i s r u p t i n g  t h e  r ema inde r  o f  
t h e  model. 

Data i s  i n p u t  t h r o u g h  t h e  S c h e d u l i n g  Model 

' S h ?  Orbit 3iaivs S~icgra.r;l a c c e p t s  i n ? u t s  L n  th? f o r 2  52: 
i>rti ' thl  p~rz!r-."ter::, t a r y e t  c h a r a c t e r ' :  s t i e s ,  e t c .  , frm. t h e  
Schedu1i.ng ?!ode1 Program and g e n e r a t e s  s p a c e c r a f t  e p h e w r i s  data. 
The o u t p u t  I s  a t i m e l i n e  of o p p o r t u n i t i e s  for t a r s e t  h c q u i s i t i o n  
and cornmuni,c3tion. 

-. I 1-, &? ni? :_r-?te I l e t w o r k  S i m u l a t o r  i s  t h e  n e a r t  cf t h e  
s y s t e m .  The s i n u i a t , o r  p e r m i t s  t h e  s c h e d u l i n g  of  s y s t e m  or' 
d i s c r e t e  s c t i v i t i e s  and e n a b l e s  t h e s e  sys tems t o  b e  s t u d i e d  as 
a f u n c t i o n  of  t i m e  by  u s i n g  a v a r i a b l e  t i m e  base which au to -  
m a t i c a l l y  adapts  t h e  t ime-base r e s o l u t i o n  t o  t h e  c h a r a c t e r i s t i c s  
o f  each  d i s c r e t e  f u n c t i o n .  Task a s s ignmen t s  are made on t h e  
bas i s  of p r e d e t e r m i n e d  p r i o r i t i e s  ( d i s c u s s e d  below) b u t  p r o v i s i o n  
i s  made t o  s c h e d u l e  ephemeris-bound t a s k s  f i r s t .  A r u n n i n g  check 
i s  m a i n t a i n e d  on t h e  s t a t u s  and u t i l i z a t i o n  o f  equipment  and 
r e s o u r c e s .  

F i n a l l y ,  t h r e e  programs a r e  used  t o  o r g a n i z e  t h e  out -  
put  d.at 2 ' nu? pirt  s i n c l u d e  cret\i s ~ h e d i j l ? ~  inst antane(2ijs 2nd. 
clirnulative ~ x p e ~ d a b l e s  c o n s u m t i o n ,  and per formance  s t a t i s t i c s .  

2 . 5 . 2  E s t a b l i s h m e n t  of T a s k  P r i o r i t i e s  

The program u t i l i z e s  a concep t  of  s t a t i c  and dynamic 
p r i o p i t i e s .  Pe r fo rming  a s p e c i f i c  t a s k  a t  a s p e c i f i e d  t ime  i s  
" n o t  o n l y  a f u n c t i o n  of t h e  i n t r i n s i c  v a l u e  o f  p e r f o r m i n g  t h e  
t a s k  ( p r i o r i t y  i n  t h e  u s u a l  s e n s e ) ,  b u t  i s  a l s o  r e l a t e d  t o  t h e  

~~~ ~ 

* 
R e f e r e n c e  6 
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p a s t  h i s t o r y  w i t h i n  t h e  m i s s i o n ,  t h e  c u r r e n t  s t a t u s  of crew 
members equi'pment and r e s o u r c e s ,  and f u t u r e  p r e d i c t i o n s  of 
o p p o r t u n i t i e s  7~s r e q u i r e m e n t s  and resol?.-ces . I '  The t o t a l  
p r i o r i t y  i s  e s t a b l i s h e d  by u s i n g  a combina t ion  o f  t h e  s t a t i c  
and dynamic f a c t o r s  l i s t e d  i n  Table  6 .  The p a c i n g  f u n c t i o n ,  

c o n t a i n s  a number of s u b f u n c t i o n s  i n c l u d i n g  a s e q u e n c i n g  
f u n c t i o n  f o r  r e l a t ed  t a s k s ,  an a l t e r n a t o r  f u n c t i o n  t o  d i s t r i b u t e  
r e p e t i t i v e  t a s k s  among crew members, and an " a d a p t i v e  d i s t r i b u t i o n  
f u n c t i o n  r e l a t i n g  p r i o r i t y  t o  t h e  r a t i o  o f  number o f  r e p e t i t i v e  
t r i a l s  r ema in ing  t o  t h e  number of  o p p o r t u n i t i e s  r e m a i n i n g . "  

p Z  , 

2 . 5 . 3  Comments 

The p a p e r  d e s c r i b i n g  t h e  OPTIMA sys t em l a c k s  s u f f i c i e n t  
d e t a i l  t o  make a m e a n i n q f u l  e v a l u a t i o i i  o f  t h e  approach .  I n  
a d d i t i o n ,  i t s  u s e  o f  t e r m i n o l o g y  can  b e  q u i t e  c o n f u s i n g .  F o r  
example ,  i t  r e f e r s  t o  t h e  OPTIMA "system" a s  a s e t  of i n d i v i d u a l  
"programs" b u t  j u d g i n g  by  t h e  r e s t  o f  t h e  d e s c r i p t i o n ,  t h e y  
~ r , ~ e a r  t o  be no n o r e  t h a n  s u b r o u t i n e s  o f  one l a r p e   pro^^?--^. 
Al .Lr? are no d e f i c i t e  s e p a r a t i o n s  between p r o g y z r s  2s i n  t h e  
r;lS?C/Ero;vn Z n g i n e e r i n g  Z x p e r i x e n t s  S c h e d u l i n g  Pr.ogrz:m (Fara- 
g r a p h  2 . 2 ) .  

n:, -, 

D e s p i t e  t h e s e  shor t comings  however,  t h e  program does 
have some i n t e r e s t i n g  f e a t u r e s ,  i n c l u d i n g :  

a.  t h e  c a p a b i l i t y  to v a r y  t h e  a s t r o n a u t  work/rest 
c y c l e s ,  and 

b .  t h e  c a p a b i l i t y  t o  s c h e d u l e  on a v a r i a b l e  t i m e  
base. 

The program can  be u s e d  f o r  m i s s i o n  p l a n n i n g ,  equipment  
d e s i g n ,  and crew t r a i n i n g .  I n  a d d i t i o n  i t  can  b e  used  f o r  r e a l -  

d e v i ' a t i o n  from t h e  nominal  m i s s i o n  on equipment p a r a m e t e r s .  
t i m e  a n a l y s e s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  a n  unexpec ted  *. 
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TABLE 6 

STATIC AND D Y N A M I C  CRITERIA USED 
TO ESTABLISH OVERALL TASK PRIORITY 

PN = Nominal r a n k i n g  o f  t asks  

PE = Emergency r a n k i n g  of  tasks  

= Time-dependent p r i o r i t y ,  r e f e r e n c e d  to p r e v i o u s  

= D e c r e a s i n g  f u n c t i o n  a f t e r  minimum m i s s i o n  o b j e c t i v e s  

-3 pDQ comple t ion  o f  t a s k  

Pv a r e  s a t i s f i e d  

Pp = Value of  p e r f o r m i n g  a p a r t i a l  t a s k  w i t h i n  a r e s t r i c t e d  
t ime  p e r i o d  

PR 

Po 

= A v a i l a b i l i t y  of  r e s o u r c e s  ( c rew,  power, data ,  a t t i t u d e  

= O p p o r t u n i t y  t o  pe r fo rm t a s k  ( t r a c k e r ,  t a r g e t ,  sun  

c o n t r o l ,  e t  c .  ) 

a n g l e ,  e t c . )  

Pz  = P a c i n g  f u n c t i o n  
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2 . 6  SAMMIE - S c h e d u l i n g  A n a l y s i s  Model f o r  M i s s i o n  I n t e g r a t e d  
Y 

Exper iments  
Mart i n  M a r i e t t a  C o r p o r a t i o n  

The mode'l i s  p r i m a r i l y  d e s i g n e d  t o  s c h e d u l e  t h e  p e r -  
formance of a w e l l  d e f i n e d  group of e x p e r i m e n t s  s u b j e c t  t o  t h e  
c o n s t r a i n t s  o f  crew a v a i l a b i l i t y  and t h e  c o m p a t i b i l i t y  o f  e x p e r i -  
ment r e q u i r e m e n t s  w i t h  s p a c e c r a f t  c a p a b i l i t y .  The model was 
s p e c i f i c a l l y  i n t e n d e d  t o  be a s i m p l e  a l g o r i t h m  which s a c r i f i c e s  
s o p h i s t i c a t i o n  for computa t ion  speed .  However, t h i s  r e s u l t s  i n  
a s u b s t a n t i a l  amound of hand s c h e d u l i n g  b e i n g  per formed p r i o r  
t o  t h e  computer r u n  which must be p r e s e n t e d  t o  t h e  model a s  
i n p u t  data.  The model i t s e l f  i s  approx ima te ly  l50,OOO words 
l o n g  and i s  w r i t t e n  i n  FORTRAN. 

2 . 6 . 1  E s t a b l i s h m e n t  of T i m e l i n e  C o n s t r a i n t s  

The f u n c t i o n a l  flow diagram of  t h e  model i s  shown i n  
F i g u r e  5 .  It  i l l u s t r a t e s  t h e  sequence  i n  which da t a  must  b e  

z-,-c:le for 2 a c h  c r e : ~ a m .  The cycle i s  a c o n s t a n t  f o r  t h e  e n t i r d e  
m'ssion.  i t  conta;,ns t h e  s ta - t  and s t o p  t i n e s  of a l l  p e r s o n a l ,  
e i ~ e r i x e n t a l ,  and  hou;e%eeping t a s k s  wnich o c c u r  repetitively 
t h r o u g h o u t  t h e  m i s s i o n .  

i-xt>i-iz c o  t h e  ~ o d e l .  m i h e  first i n p u t  i s  a b a s i c  d a i l y  (211 hour) 

A s c h e d u l e  f o r  major  s p a c e c r a f t  o p e r a t i o n s  ( l a u n c h ,  
r e n d e z v o u s ,  r e e n t r y  p r o c e d u r e s )  i s  i n p u t  n e x t .  I f  c o n f l i c t s  
w i t h  t h e  b a s i c  crew c y c l e  o c c u r ,  t h e  p a r t i c u l a r  crew a c t i v i t y  
i s  t r u n c a t e d  t o  p e r m i t  i n s e r t i o n  o f  t h e  s p a c e c r a f t  o p e r a t i o n .  
A crew r e s t  s c h e d u l e  i s  i n p u t  n e x t .  It presumes t h a t  c e r t a i n  
d a y s  w i l l  b e  d e s i g n a t e d  " r e s t  days"  which w i l l  c o n s i s t  of 2 4  
h o u r s  o f  f r e e  t ime for a l l  t h r e e  crewmen i n  t h e  s e n s e  t h a t  n o  
e x p e r i m e n t s  w i l l  b e  s c h e d u l e d  on res t  d a y s .  Presumably ,  s y s -  
tem housekeep ing  tasks  and major  s p a c e c r a f t  o p e r a t i o n s  would 
s t i l l  be  pe r fo rmed .  

O u t s i d e  o f  t h e  s c h e d u l e  for maj'or s p a c e c r a f t  opera-  
t i o n s ,  t h e  b a s i c  d a i l y  c y c l e  can on ly  b e  mod i f i ed  b y  s u p p l y i n g  
an e r , t i r e  new c y c l e  f o r  t h e  p a r t i c u l a r  d a y .  Such m o d i f i c a t i o n s  
amount t o  an " o v e r l a y "  o f  t h e  b a s i c  c y c l e .  I n  c a s e s  o f  ex t r eme  
d e v i a t i o n  from t h e  b a s i c  c y c l e ,  t h e  comple te  crew t i m e l i n e s  f o r  
t h e  days  a f f e c t e d  are  g e n e r a t e d  b y  hand and s u p p l i e d  as i n p u t  
i n  t h e i r  e n t i r e t y .  The l a s t  i n p u t  t h e n  c o n s i s t s  o f  p r e s c h e d u l e d  
a c t i v i t i e s  or o v e r l a y  d a t a  which t a k e  p i ' e fe rence  o v e r  e v e n t s  
a l r e a d y  i n  t h e  t i m e l i n e .  An e x i s t i n g  a c t i v i t y  i s  removed i f  
t h e  o v e r l a y  a c t i v i t y  c o v e r s  more t h a n  50% of i t .  I f  i t  c o v e r s  
l e s s  t h a n  50%, t h e  e x i s t i n g  a c t i v i t y  i s  t r u n c a t e d  t o  a l l o w  room 
f o r  t h e  o v e r l a y .  T h i s  f e a t u r e  can  be used  i n  a number of ways. 
F o r  example ,  i t  a l l o w s  p r e d e t e r m i n e d  s c h e d u l e s  f o r  p a r t i c u l a r l y  

* 
R e f e r e n c e s  7 and 8 
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i r r e g u l a r  m i s s i o n  days  ( i . e . ,  t h e  f i r s t  few and l a s t  few 
m i s s i o n  d a y s )  t o  be i n s e r t e d  d i r e c t l y  i n t o  t h e  program. I n  
t h e  e x t r e m e ,  an e n t i r e  s c h e d u l e  may be  i n p u t  as an o v e r l a y  i f  
t he  e f f e c t '  JI a d d i n g  one or two add i t i c . , i a l  e x p e r i m e n t s  i s  t o  
b e  s t u d i e d .  

Using t h i s  t i m e l i n e ,  a D a i l y  A v a i l a b i l i t y  T a b l e  i s  
g e n e r a t e d  by t a b u l a t i n g  each  a s t r o n a u t ' s  f r ee  t ime.  Each day 
i s  broken  up i n t o  3 p e r i o d s  ( 0  to 6 h o u r s ,  6 to 1 4  h o u r s  and 
1 4  t o  2 4  h o u r s  a r e  most commonly used  though o t h e r s  may be  
d e f i n e d  b y  t h e  u s e r ) .  The a v a i l a b l e  t ime  f o r  e a c h  man i n  e a c h  
p e r i o d  i n  e a c h  d a y ' i s  n o t e d .  The t a b l e  p r o v i d e s  a p r e l i m i n a r y  
check for s c h e d u l i n g  e x p e r i m e n t s .  

2 . 6 . 2  E s t a b l i s h m e n t  o f  Experiment S c h e d u l i n g  P r i o r i t i e s  

An e x p e r i m e n t ' s  s c h e d u l i n g  p r i o r i t y  i s  d e f i n e d  i n  
t e r m s  of  s c h e d u l i n g  d i f f i c u l t y .  Exper iments  a re  c l a s s i f i e d  
b y  g roup .  The g r o u p s  have a p r e d e f i n e d  o r d e r  o f  s c h e d u l i n g  
F r l c r i t y  2nd wi2'!-i!m each  gr 'oup ,  P r e f e F e n c e  i s  Civey  t o  e x o e r t -  
T-"F-::: p i ' l o r i t y .  I n  cl?sc?zdtfis o r d e r  of p r i o r i t y  til=. experl- i -ent  
.rr~oups a r e :  

a .  Expe r imen t s  or a c t i v i t i e s  which must be p e r f o r a e d  
a t  s p e c i f i e d  m i s s i o n  times ( i . e . ,  ephemeris-bound 
e x p e r i m e n t s ,  EVA, s p a c e c r a f t  o p e r a t i o n s ,  r e s t  d a y s ) .  

b .  Exper imen t s  which a r e  i n  some way c o n s t r a i n e d  o r  
a f f e c t e d  by o t h e r  ( n o n - s c i e n t i f i c )  a c t i v i t i e s .  

c .  A c t i v i t i e s  which occupy l a r g e  b l o c k s  o f  t i m e  ( i . e . ,  
an e n t i r e  morning or a f t e r n o o n )  and r e q u i r e  two 
men. 

d .  C y c l i c a l  e x p e r i m e n t s  which r e p e a t  i n  p a r t i c u l a r  
s e q u e n c e s .  Examples a r e  .. 

-pe r fo rmance  b e f o r e ,  w i t h ,  or a f t e r  a n o t h e r  
a c t i v i t y ,  

*pe r fo rmance  a t  s p e c i f i c  t i m e s  or on p a r t i -  
c u l a r  d a y s ,  

. pe r fo rmance  i n  a s p e c i f i c ;  s e q u e n c e ,  

.per formance  by a p a r t i c u l a r  a s t r o n a u t ,  and 

- v a r i a b l e  per formance  t imes  and  v a r i a b l e  
r e p e t i t i o n  i n t e r v a l s .  

e .  "One-shot" e x p e r i m e n t s  r e q u i r i n g  two men'. 

f .  One man e x p e r i m e n t s .  

g.  Unmanned e x p e r i m e n t s .  
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2 . 6 . 3  S c h e d u l i n g  o f  Exper iments  

per formed b y  one o f  t h r e e  s u b r o u t i n e s :  
e x p e r i m e n t s  whose pe r fo rmance  i s  indeperL;ent of o t h e r  a c t i v i t i c ; .  
These e x p e r i m e n t s  may be "one-shot" o r  m u l t i p l e  pe r fo rmance  t y p e .  
S u b r o u t i n e s  B and C are  f o r  s p e c i a l  c a s e s :  S u b r o u t i n e  B i s  u s e d  
for e x p e r i m e n t s  which r e q u i r e  p a r t i c u l a r l y  l o n g  pe r fo rmance  t imes 
wh i l e  S u b r o u t i n e  C i s  used  f o r  t h o s e  e x p e r i m e n t s  whose p e r f o r -  
mance i s  t i e d  t o  t h e  per formance  of o t h e r  e x p e r i m e n t s  or 
a c t i v i t i e s .  The s u b r o u t i n e  t o  be used  i s  an i n p u t  t o  t h e  pro-  
gram a l o n g  w i t h  o t h e r  exper iment  c h a r a c t e r i s t i c s .  

There  are  f o u r  t y p e s  of a c t i v i t y  s t a r t - t ime /window 
combina t ions  ava i l ab !e  i n  S u b r o u t i n e  !!. Type I i s  used  when 
a s p e c i f i c  s t z . r t  t i m e  and window a r e  d e s i r e d .  T h a t  i s ,  t h e  
expe r imen t  must b e  pe r fo rmed  w i t h i n  A t  hours  ( t h e  window) a f t e r  
sone  s p e c i f i c  s t a r t  ti;..? t i .  T h i s  inp'ut  may be used  t o  s p e c i f y  

t h e  s c h e d u l i n g  of a "one-shot"  exDeriment anywhere I n  t h e  m i s s i o n  
k2y :nc , reasinq t h e  s l z e  o f  A t  t o  enconpass  t h e  eKtL?? r?-lssion. - * - n r o -  *-3- m ; > . - ) ~ t i t ~ ; i e  yrf.;.;.. 

1 :  - ' - - 1 ,c r '  u ,i; I _ _ _  - , ,  - 
occi i?  r z r i o d l c a l l y  by  s?;ec? f y j n g  sepzrate star: t i n e s  ~ 2 d  
. I  Ln ; .',;z for nrn:-! :?Tf3?-::-.2e. 

The a c t u a l  s c h e d u l i n g  of a p a r t i c u l a r  expe r imen t  i s  
S u b r o u t i n e  A i s  used  for 

- 

. .  

The r e m a i n i n g  t h r e e  t y p e s  of s t a r t  time/Kindciv p e r -  
formance s p e c i f i c a t i o n s  a r e  v a r i a t i o n s  o f  t h e  m u l t , i p l e  p e r f o r -  
mance s p e c i f i c a t i Q n  i n  Type I .  Type I1 p r o v i d e s  for a s e q u e n t i a l  
c I_ .,~ .- L " cf peri 'srrizr:ss t o  ti=. completely y i t ' h i n  a s p e c i f i e d  ?mou;lt of 
t i m e .  Type I11 i s  s i m i l a r  t o  Type I1 b u t  p e r m i t s  t h e  s p e c i f i c a t i o n  
o f  a u n i f o r n  l e n g t h  of t ime  between pe r fo rmances .  F i n a l l y ,  Type I V  
a l l o w s  t h e  s c h e d u l i n g  of two or more pe r fo rmances  w i t h i n  a g i v e n  
t ime  measured from a p r e v i o u s  pe r fo rmance .  

e x p e r i m e n t s  which have  p a r t i c u l a r l y  l o n g  pe r fo rmance  t i m e s .  The 
s u b r o u t i n e  s e a r c h e s  t h e  T ine  A v a i l a b i l i t y  Tab le  t o  f i n d  a b l o c k  
of f r e e  t i m e  which i s  c o m p a t i b l e  w i t h  b o t h  t h e  s p e c i f i e d  r e q u i r e d  
t i n e  and o t h e r  o p e r a t i o n a l  c o n s t r a i n t s .  It s c h e d u l e s  t h e  e x p e r f -  
rnents i n  t ime-b lozks  of un i form l e n g t h  and s o  finc7s t h e  i n t e g r . 1  
number of t ime-b iocks  i n  t he  t e s t  b lock .  and ,  if t h e  re ixa in ing  
expe r imen t  t l m ?  i s  less t h a n  t h e  t ime  r ema in ing  i n  t.he l a s t  t e s t  
b l o c k ,  t h e  experi-ment  i s  s c h e d u l e d .  

As s t a t e d  above ,  S u b r o u t i n e  I3 i s  used  t o  s c h e d u l e  

S u b r - s t i n e  C i s  used  t o  sched l , l e  e x p e r i m e n t s  e i t h e r  
b e f o r e ,  a f t e r ,  or c o n c u r r e n t l y  w i t h  a n o t h e r  a c t i v i t y .  These 
r e q u i r e m e n t s  a r e  i n p u t  t o  t h e  program as expe r imen t  c h a r a c t e r i s t i c s .  
I n  t h e  f i r s t  two o p t i o n s  ( d e s i g n a t e d  BEFORE and AFTER), t h e  m i n i -  
mum amount of t i m e  between t h e  per formance  o f  t h e  independen t  and 
dependen t  e x p e r i m e n t s  i s  a l s o  s p e c i f i e d .  as an  i n p u t .  
O p t i o n  i s  u s e d  o n l y  when t h e  dependent  expe r imen t  w i l l  n o t  add 
S i g n i f i c a n t  pe r fo rmance  t i m e  t o  t h e  independen t  e x p e r i m e n t .  

The "WITH" 
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One p a r t i c u l a r  l i m i t a t i o n  common t o  a l l  o f  t h e  sub-  
r o u t i n e s  i s  t h e  i n a b i l i t y  t o  d i s t i n g u i s h  d i f f e r e n t  t i m e  r e q u i r e -  
ments  for crewmen i n v o l v e d  i n  an a c t i v i t y .  When more t h a n  one 
crewman i s  req.- ' - red f o r  a n  e x p e r i m e n t .  t.he program Dresumes 
t h e y  are engaged i n  t h a t  exper iment  s i m u l t a n e o u s l y .  Where t h i s  
p re sumpt ion  i s  n o t  v a l i d ,  as I n  some AAP m e d i c a l  e x p e r i m e n t s ,  
t h e  "pack ing  d e n s i t y "  o f  expe r imen t s  i n  t h e  t i m e l i n e  g e n e r a t e d  
by SAMMIE may be l e s s  t h a n  t h a t  a c h i e v a b l e  by hand-schedu l ing .  
T h i s  l i m i t a t i o n  can i n  sone  c a s e s  be r educed  by hand- schedu l ing  
two o r  more e x p e r i m e n t s  t o  SAMMIE as a u n i t .  The u s e r  of SAMMIE 
must t h e r e f o r e  be as fami l ia r  w i t h  expe r imen t s  as t h e  hand- 
s c h e d u l e r  t o  make t h e  most e f f e c t i v e  use  of SAMMIE. 

2 . 6 . 4  Program Output  

The p rogram ' s  p r i m a r y  o u t p u t  1 s  a t i m e l i n e  o f  t h e  
m i s s i o n ,  which i n c l u d e s  a s tep-by-s tep  accoun t  of e a c h  a s t r o n a u t ' s  
a c t i v i t i e s .  I n  a d d i t i o n ,  t h e  program can  p r i n t  a v a r i e t y  o f  
sunmsry t a b l e s  which i l l u s t r a t e  t h e  e f f i c i e n c y  of  t h e  s c h e d u l e .  

i 

i 
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* 
2 . 7  Space  S t a t i o n  Wiss ion  S i m u l a t i o n  Mathemat i ca l  Model 

F o r t  'dor th  D i v i s i o n ,  Genera l  Dynamics C o r p o r a t i o n  

.The  Space S t a t i o n  X i s s i o n  S j i rL7J la t ion  Y a t h e m a t i c a l  
Model i s  c a p a b l e  o f  pe r fo rming  a v a r i e t y  of  m i s s i o n  a n a l y s e s  
and  t r a d e - o f f  s t u d i e s  on t h r e e  d i f f e r e n t  l e v e l s  o f  d e t a i l .  
I t  has t h e  c a p a b i l i t y  t o  

a.  E v a l u a t e  v a r i a b l e  work p e r i o d s  and e f f e c t s  o f  
r o t a t i n g  crew a s s i g n m e n t s .  

b .  P r o v i d e  t r a d e - o f f  d a t a  f o r  u se  i n  s t u d y i n g  
e f f e c t s  of s y s  t eri i n t e r a c t i o n .  

e .  Assess t h e  e f f e c t s  on t h e  m i s s i o n  of modi fy ing  
or chang ing  sys tems c h a r a c t e r i s t i c s .  

d .  Per form Resource A l l o c a t i o n  Ana lyses .  

e .  Gene ra t e  cz'ew a c t i v i t y  t h e l i n e s .  

Tkie s t r u c t u r e  o f  tze nod31 p e r n i t s  a g r e a t  d e a l  o f  
" ; ~ x i k i l l t ; * .  y- ,adel  c ~ i - ~ ; l s ; s  of t h r e s  S U ~ F . , - ~ ? ~ S ,  the 
P r e l i m i n a r y  Requi rements  Yodel ( P R I 4 ) ,  t h e  P l a n n i n g  Nodel (PM) 
and t h e  N i s s i o n  S i m u l a t i o n  Model (MSM) , which corr.espond t o  
t h e  t h r e e  l e v e l s  of  d e t a i l .  When used  s e q u e n t i a l l y ,  t h e y  p e r -  
form i n i t i a l  m i s s i o n  p l a n n i n g ,  g e n e r a t e  a nominal  m i s s i o n  p l a n ,  
and  t h e n  s i r i u l a t e  t h e  a c t u a l  m i s s i o n  b a s e d  upon t h s t  p l z n .  Eacri 
o f  t h e  models may be  r u n  s e p a r a t e l y  and w i l l  y i e l d  p e r t i n e n t  
i n t e r m e d i a t e  r e s u l t s  on a l e v e l  of c o n f i d e n c e  commensurate w i t h  
t h e  c o r r e s p o n d i n g  l e v e l  o f  i n p u t  d a t a .  I n  a d d i t i o n ,  t h e  model 
i s  s o  s t r u c t u r e d  t h a t  t h e  submodtels, whereve r  a p p l i c a b l e ,  u s e  . 
t h e  same computer  r o u t i n e s  for t h e  m a j o r  f u n c t i o n s .  These func-  
t i o n s  i n c l u d e  C r e w  A n a l y s i s ,  Experiment  A n a l y s i s ,  E v e n t s  
S c h e d u l i n g ,  L o g i s t i c s  A n a l y s i s ,  and S t a t i o n  O p e r a t i o n s .  

8. 

The model i s  used  t o  s i m u l a t e  long- te rm s p a c e  m i s s i o n s '  
r e q u l r i n g  crew r o t a t i o n  and l o g i s t i c s  r e s u p p l y  by  t r e a t i n g  t h e  
i n t e r v a l  between s u c c e s s i v e  l o g i s t i c  l a u n c h e s  a s  a s i n g l e  m i s s i o n  
and u s i n g  t h e  v e h i c l e  and crew s t a t e s  a t  t h e  e n 2  o f  t h e  i n t e r v a l  
to r 2 e s t a S l i s h  t h e s e  s t a t e s  a t  t h e  b e g i n n i n g  of t h e  n e x t  i n t e r v a l .  
A l l  o f  t h e  models a r e  w r i t t e n  i n  FgRTRAN I V  and have r e a s o n a b l e  
r u n n i n g  t i m e s  (3-6 m i n u t e s ,  8-25 m i n u t e s ,  and 20-45 minu tes  f o r  
t h e  PRM, PN, and I?SY r e s p e c t i v e l y )  on c e c o n d - g e n e r a t i o n  compute: s ,  
Running t i m e  would p r o b a b l y  be r educed  on t h e  Univac 1 1 0 8  s y s t e m ,  

* 
R e f e r e n c e s  9 ,  1 0 ,  and 11 
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2 . 7 . 1  P r e l i m i n a r y  Fequi rements  Mcdel 

The f i r s t  o f  t h e  t h r e e  ngdels  i s  t h e  P r e l i m i n a r y  
Requi rements  ' Iqde l .  I t  i s  des igned  t c  Ter form b road  
based a n a l y s e s  i n  r e l a t i v e l y  s h o r t  r u n  t imes t o  p e r n i t  i d e n t i -  
f i c a t i o n  of  f ea s ib l e  a l t e r n a t i v e s .  I t  i s  used  s p e c i f i c a l l y  t o  
d e t e r m i n e  t h e  w i d t h  of  t h e  l aunch  i r , t e r v a l ,  t h e  expe r imen t  pay- 
l o a d ,  t h e  crew s k i l l  mix,  and i n i t i a l  t ask  as s ignmen t s  for e a c h  
crew member.  A f u n c t i o n a l  f low d iagram o f  t h e  PRM i s  shown i n  
F i g u r e  6 .  

2 . 7 . 1 . 1  D e t e r m i n a t i o n  of L o g i s t i c s  Pa rame te r s  

Data f o r  t h e  t o t a l  m u l t i n h a s e  m i s s i o n  i s  p r o v i d e d  
as i n p u t  t o  t n e  PRY. The l o g i s t i c s  a n a l y s i s  r o u t i n e s  are  used 
t o  examine t h e  i n p u t  d a t a  t o  d e t e r m i n e  

3 
a .  t h e  d u r a t l o n  of each l aunch  i n t e r v a l ,  ar,d 

b .  t h e  e x c e s s  c a p a c i t y  of  e r c h  l o g i s t i c s  v e h i c l e ,  

package f o r  t h e  p a r t i c u l a r  l s u n c h  i n t e r v a l .  
,..i .,,..! 2 n;,  - IT1 turr! deterzLrlez t:-lc size of th-2 3X;-:?,-i?-Le3t 

T h e  l aunch  i n t e r v a l  i s  determineci f r o m  a v a r i e t y  of inDut  d a t a  
( e . g . ,  usage  r a t e  o f  consumables) .  The  exper iment  package I s  
s y n t h e s i z e d  b y  a d d i n g  expe r imen t s  t o  t h e  package u n t i l  e i t h e r  
t h e  e x c e s s  we igh t  or volume a s s o c i a t e d  w i t h  t he  p a r t i c u l a r  
l o g i s t i c s  v e h i c l e  i s  consuned. 

2 .7 .1 .2  D e t e r m i n a t i o n  of  Crew S k i l l  Mix 

The crew s k i l l  m a t r i x  c o n t a i n s ,  f o r  each  a s t r o n a u t  
a s s i g n e d  t o  t h e  m i s s i o n ,  one o f  t h r e e  p r o f i c i e n c y  r a t i n g s  

.(O, 1, or 2 c o r r e s p o n d i n g  t o  no  p r o f i c i e n c y ,  f u l l  p r o f i c i e n c y  
and low- leve l  p r o f i c i e n c y )  i n  each  o f  20 d i f f e r e n t  s k i l l  c a t e -  
g o r i e s .  Cor re spond ing  e s t i m a t e s  o f  r e q u i r e d  expe r imen t  t i m e  
assume f u l l  p r o f i c i e n c y .  The p r o g r a n  e s t i m a t e s  t 'he p o s s i b l e  
crew combina t ions  for t h e  p a r t i c u l a r  m i s s i o n  phase  i n  t'erms 
o f  t h e i r  a b i l i t y  t o  pe r fo rm t h e  e x p e r i m e n t s  f o r  t n a t  p h a s e .  
The ereit' combina t ion  which can comFiete  t he  g r e a i e s i  number 
of  expe r imen t -hour s  i n  ' t h e  l e a s t  ar?.ount o f  t ime i s  chcsen  
as t h e  bes t  f o r  t h a t  l aunch  i n t e r v a l .  

2 . 7 . 1 . 3  Experiment  Assignment and S c h c d u l e  

The a s s ignmen t  o f  expe r imen t s  t o  a p a r t i c u l a r  crew- 
man and t h e  a c t u a l  s c h e d u l i n g  o f  t h e  expe r imen t  a re  per formed 
i n  two d i s t i n c t  s t e p s .  The e x p e r i m e n t s  are  f i r s t  a s s i g n e d  t o  
a p a r t i c u l a r  crewman on t h e  b a s i s  of t he  t i m e  and t h e  s k i l l  
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r e q u i r e d  t o  pe r fo rm t h e  exper iment  and t h e  amount o f  t ime he 
has a v a i l a b l e  f o r  s c i e n t i f i c  work. The  a s s ignmen t  p r o c e d u r e  
can  b e  made u s i n g  one o f  f o u r  methods:  

a .  E q u a l i z e  t h e  t o t a l  e x p e r i m e n t a l  man-hours o f  
e a c h  crewman f o r  t'he l a u n c h  i n t e r v a l  by a s s i g n i n g  
e x p e r i m e n t s  w i t h  no a s s o c i a t e d  p r i o r i t i e s  ( t h e  
o r d e r  i n  which t h e  e x p e r i m e n t s  are a s s i g n e d  i s  
n o t  s p e c i f i e d ) .  

b .  E q u a l i z e  t h e  t o t a l  e x p e r i m e n t a l  man-hours p e r  
day for each  crewman i n  t h e  l aunch  i n t e r v a l  by 
a s s i g n i n g  expe r imen t s  w i t h  no  p r i o r i t i e s .  

c .  Same as ( a )  e x c e p t  t h a t  t h e  e x p e r i m e n t s  must 
be a s s i g n e d  and s c h e d u l e d  i n  a s p e c i f i c  o r d e r  
( p r i o r i t y  method) .  

d .  Same as ( b )  e x c e p t  t h a t  t h e  e x p e r i m e n t s  must 
be a s s i g n e d  and s c h e d u l e d  i n  a s p e c i f i e d  c r d e r .  

An expe r imen t  i s  a s s i g n e d  by n o t i n g  t h e  s k i l l ( s )  i t  r e q u i r e s  
m d  s;earc:?;r.g for t h e  n m  mos t  p r c f i c i e n t  in t h a t  s k i l . l ( s ) .  
However, t h i s  p r o c e d u r e  may s e t  up unequa l  man-hour l o a d s  
t h u s  p r e v e n t i n g  some expe r imen t s  from b e l n g  pe r fo rmed .  An 
i t e r a t i v e  p r o c e s s  i s  t h e r e f o r e  used  i n  t h o s e  c a s e s  t o  r e a s s i g n  
e x p e r i m e n t s  among t h e  o t h e r  crewmen w i t h  a s l i g h t  p e n a l t y  i n  
crew p r o f l c i e n c y  . 

Experiment  S c h e d u l i n g  which f o l l o w s  t h e  a s s ignmen t  
p r o c e d u r e  u s e s  a "geometr ic"  t e c h n i q u e  f o r  f i t t i n g  s e v e r a l  
smal l  r e c t a n g l e s  i n t o  a l a r g e r  c o n s t r a i n i n g  r e c t a n g l e .  Each 
expe r fmen t  i s  d e f i n e d  as a r e c t a n g l e :  t h e  l e n g t h  o f  which i s  
i t s  d u r a t i o n  i n  d a y s  and the  h e i g h t  o f  which i s  t h e  a v e r a g e  
number of h o u r s  p e r  man p e r  day  r e q u i r e d  t o  conduct  t h e  e x p e r i -  
ment .  The PRM a r r a n g e s  t h e s e  small  r e c t a n g l e s  i n  an optimum 
o r d e r  t o  f i t  them i n t o  a l a r g e r  r e c t a n g l e ;  t h e  w i d t h  o f  which 
i s  t h e  d u r a t i o n  o f  t h e  l aunch  i n t e r v a l  and t h e  h e i g h t  o f  which 
i s  t h e  maximum number o f  hour s  p e r  day t h a t  any crewman can 
d e v o t e  t o  exper iment  a i  t a s k s .  

2 . 7 . 1 . 4  Outputs  

The TRM p r i n t s  o u t  a v a r i e t y  o f  r e s u l t s  for e a c h  
l a u n c h  i n t e r v a l  i n c l u d i n g :  

a .  A l i s t  o f  exper iment  t a s k s  a s s i g n e d  t o  e a c h  
crewman. 

b. 

c .  Work r e m a i n i n g  on e a c h  o f  t h e  t a sks .  

T o t a l  number of hour s  worked by e a c h  crewman. 
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d .  A number o f  e f f e c t i v e n e s s  measures  ( f r a c t i o n  
o f  t o t a l  exper iment  work comple ted ,  f r a c t i o n  
o f  a v a i l a b l e  crew t i m e  u t i l i z e d ,  e t c . ) .  

On o p t i o n ,  t h e  PRM will p r e p a r e  f o u r  i n p u t  decks  t o  t h e  P l a n n i n g  
Model, t h e  n e x t  submodel  i n  ' the  sequence .  

2 . 7 . 2  P l a n n i n g  Model 

The P l a n n i n g  Model u s e s  t h e  data  deve loped  by t h e  PRM 
t o  g e n e r a t e  a d e t a i l e d  nominal  m i s s i o n  p l a n  which i n c l u d e s  
s c h e d u l e s  f o r  a l l  t a s k s  and l o g i s t i c  r e q u i r e m e n t s .  A f u n c t i o n a l  
f l ow d iagram o f  t h e  P l a n n i n g  Model i s  shown i n  F i g u r e  7 .  The 
r e f e r e n c e d  r e p o r t s  do n o t  d e t a i l  t h e  d i f f e r e n c e s  between t h e  
PRM and t h e  P l a n n i n g  Model e x c e p t  t o  s a y  t h e  l a t t e r  o f f e r s  con- 
s i d e r a b l e  s o p h i s t i c a t i o n  o v e r  t h e  PRM. The PM u s e s  t h e  da t a  
s u p p l i e d  by t h e  PRM a l o n g  w i t h  i t s  own l i b r a r y  a e c k s  t o  produce  
a d e t a i l e d  s c h e d u l e  f o r  a n o n i n a l  m i s s i o n .  A s  i n  t h e  PRY, t h e  
e n t i r e  m i s s i o n  is viewed as a s i n g l e  problem. It f i rs t  d e t e r -  
mines t h e  l o g i s t i c s  l aunch  s c h e d u l e ,  t h e n  g e n e r a t e s  crew 
,c.-z~::'es To- s ~ a s l c n  ::seping, g s : r s o c ? l  housekeeginz an2 
exper.lrnents.  Af te r  t h e  s c h e d u l e s  a r e  comple ted ,  t h e  rrl ission 
p l m  i s  e v a l u s t e d  by s e v e r a l  e v a l u z t i o n  r o u t l n e s .  The prograrn 
d e t e r m i n e s  t h e  r e s o u r c e  p r o f i l e ,  and e v a l u a t e s  t h e  m i s s i o n  p l a n  
a c c o r d i n g  t o  s e v e r a l  d i f f e r e n t  a s ses smen t  i n d i c e s .  F i n a l l y ,  an  
o p t i o n  p e r m i t s  a t a p e  o f  t h e  f i n a l  m i s s i o n  p l a n  t o  be g e n e r a t e d  
which i s  used  as an  i n p u t  t o  t h e  n e x t  p h a s e .  

2 . 7 . 3  Miss ion  S i m u l a t i o n  Model 

. .  

The l a s t  o f  t h e  three submodels i s  t h e  Miss ion  Simu- 
l a t i o n  Model which s i m u l a t e s  t h e  a c t u a l  m i s s i o n  f o r m u l a t e d  i n  
t h e  PZanning Model f rom l a u n c h  and unmanned checkout  t h r o u g h  
t h e  end of  t h e  m i s s i o n .  
i n  Figure 8 .  

A f u n c t i o n a l  d iagram of  t h e  M S M  a p p e a r s  

T h e  o p e r a t i o n  of t h e  model i s  c o n t r o l l e d  by t h e  Event  
C o n t r o l l e r  which i s  b a s i c a l l y  a mechanism f o r  p r o c e e d i n g  from 
e v e n t  to e v e n t .  The  key f e a t u r e  of t h e  model i s  i t s  u s e  o f  a 
Random Event  Genera t  or'- t o i n s e r t  uripianned e v e n t s  (i. e .  , crew 
i l l n e s s ,  equipment  f a i l u r e ,  e t  c .  ) i n t o  t h e  nominal  s c h e d u l e .  
The nominal  m i s s i o n  p l a n  i s  t h e r e f o r e  b e i n g  c o n t i n u a l l y  modi- 
f i e d  and upda ted  t o  r e f l e c t  t h e  i n c o r p o r a t i o n  of t h e s e  e v e n t s  
i n t o  t h e  s c h e d x l e .  
summaries  and e v a l u a t i o n s .  

The s i m u l a t i o n  c o n c l u d e s  w i t h  a v a r i e t y  of  

2 . 7 . 4  S p e c i a l  Programs 

I n  a d d i t i o n  t o  t h e  t h r e e  b a s i c  programs,  t h e  model 
has a number o f  s p e c i a l  pu rpose  programs i n c l u d i n g  a C r e w  
A c t i v i t y  T i m e l i n e  Program and an  Experiment  A n a l y s i s  Program. 
I n  r e g a r d  t o  t h e  f o r m e r  i t  s h o u l d  be  n o t e d  t h a t  t h e  b a s i c  models 

, 
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do " s c h e d u l i n g "  b u t  n o t  l l t i m e l i n i n g .  I' I n  a l l  t h r e e  models ,  
e v e n t s  a r e  s c h e d u l e d  i n t o  d i s c r e t e  t ime i n t e r v a l s  o f  any 
d e s i r e d  lengt 'h  ( 2 4  h o u r s  I s  t h e  most commonly u s e d )  b u t - t h e  
e v e n t s  a r e  nnt  5 i m e l i n e d  w i t h i n  t h e  i n t - ? - v a l .  A s e p a r a t e  
T i m e l i n e  S c h e d u l e r  has r e c e n t l y  been added t o  t h e  model which,  
u s i n g  t h e  o u t p u t  of t.he P l a n n i n g  Model as an  i n p u t ,  p r o d u c e s  
an a c t i v i t y  t i m e l i n e  f o r  each  crewman. However, t h e  T i m e l i n e  
S c h e d u l e r  can on ly  b e  used  t o  s c h e d u l e  one day a t  a t i m e .  I t  
must be r e r u n  for e a c h  2 4  hour  p e r i o d .  

The  Experiment  A n a l y s i s  Program i s  d e s i g n e d  t o  over-  
come problems i n  program p l a n n i n g  a r i s i n g  from i n c o m p l e t e  or 
uncey t  a i n  i n f o r m a t i o n  about  t h e  proposed  expe r imen t  package .  
T h e  program u s e s  a v a i l a b l e  exper iment  da t a  t o  g e n e r a t e  e x p e r i -  
ment packages  o f  d i f f e r e n t  s i z e  and/or  c h a r a c t e r i s t i c s .  The 
package  can i n c l u d e  "pseudo- experiment^" which a r e  n o t  a c t u a l  
e x p e r i m e n t s  b u t  r a t h e r  a s e t  of expe r imen t  d e s c r i p t o r s  chosen 
by  t h e  computer .  T h i s  t e c h n i q u e  p e r m i t s  a r a D i d  a n a l y s i s  o f  
Droposed expe r imen t  packages .  It  can a l s o  u s e  p r e v i o u s l y  
syntheslzed packazes  t o  pe r fo rm a v a r i e t y  o f  s e n s i t i v i t y  
~ r . ~ l ~ ; : ~ :  i e c ; l ~ n r - C !  t G  d e t e r 4 r . e  L Lhe e f f e c t s  of  ex-jer.inz?.t K-!X 

o n  s c i e n t i f t c  accompl ishment .  
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3 . 0  Comparison .of S c h e d u l i n g  Models 

A s  n o t e d  above,  t h e  au tomated  s c h e d u l i n g  models 
v a r y  i n  c a p a l ; l i t y ,  complex i ty ,  and f , i x i b i l i t y  d e s p i t e  t h e i -  
commonality o f  o r g a n i z a t i o n  and i n p u t  da t a  r e q u i r e m e n t s .  While 
t h e i r  s i m i l a r i t i e s  ( d i s c u s s e d  i n  S e c t i o n  2 . 0 )  s u g g e s t  a b a s i c  
approach  t o  a c t i v i t y  s c h e d u l i n g ,  an e x a m i n a t i o n  o f  t h e i r  d i s -  
s i m i l a r i t i e s  i s  f a r  more germane t o  an  u n d e r s t a n d i n g  o f  t h e  
d i f f e r e n t  a l t e r n a t i v e s  a v a i l a b l e  t o  a p o t e n t i a l  u s e r .  Some 
o f  t h e  more s i g n i f i c a n t  c h a r a c t e r i s t i c s  o f  e a c h  model are 
t h e r e f o r e  compared i n  Tab le  7 .  The c h a r a c t e r i s t i c s  are  d i v i d e d  
i n t o  two d i s t i n c t  g roups :  t h e  f a c t o r s  i n  t h e  f i r s t  g roup  
( l a b e l e d  " O v e r a l l  Plodel S t r u c t u r e " )  d e s c r i b e  t h e  o v e r a l l  s t r u c -  
t u r e  of t h e  model and how i t  o p e r a t e s  w h i l e  t h e  second group 
( l a b e l e d  "Task Assessment P a r a m e t e r s " )  c o n s i s t s  of  s e v e r a l  
f a c t o r s  which i n d i c a t e  t h e  d e g r e e  o f  s o p h i s t i c a t i o n  of  t h e  
s c h e d u l e r  a l g o r i t h m .  53 

3 . 1  O v e r a l l  Model S t r u c t u r e  

i n  t h e  f i r s t  group,  the  number  of  conpur;er 2,rogrxr.s 
i n  t h e  model and t h e  a b i l i t y  t o  choose  d i f f e r e n t  l e v e l s  of o u t -  
p u t  d e t a i l  a re  a measure o f  t h e  m o d e l ' s  o v e r a l l  f l e x i b i l i t y .  
While  most o f  t h e  models p e r m i t  a c h o i c e  of  o u t p u t  d a t a ,  on ly  
two ,  t h e  NSFC Exper imen t s  S c h e d u l i n g  Program and t h e  G e n e r a l  
Dynamics Space  S t a t i o n  Miss ion  S l i n u l a t i o n  Model, c o n t a i n  more 
t h a n  one program.  I n  b o t h ,  t h e  programs must b e  r u n  i n  a 
d e f i n e d  sequence  t o  a c h i e v e  t h e  g r e a t e s t  l e v e l  of d e t a i l .  
However, t h i s  i s  a r e l a t i v e l y  p a i n l e s s  i n c r e a s e  i n  complex i ty  
s i n c e  a l l  of t h e  programs ( e x c l u d i n g  t h e  f i r s t  o f  c o u r s e )  p r e -  
p a r e  o u t p u t  t a p e s  on ' o p t i o n ,  which are  used as i n p u t s  t o  t h e  

' f o l l o w i n g  program. The advantage  o f  t h i s  c o n s t r u c t i o n  i s  t h a t  
i t  p e r m i t s  a n a l y s i s  on d i f f e r e n t  l e v e l s  of  d e t a i l ,  t h u s  t a i l o r i n g  
i t s  use  more t o  t h e  i n d i v i d u a l  n e e d s  of  t h e  u s e r  and p e r m i t t i n g  
s i g n i f i c a n t  s a v i n g s  i n  runn ing  t i m e .  

3 . 1 . 2  Cont ingency A n a l y s i s  

The re  w i l l  undoubtedly  be  t i m e s  d u r i n g  t h e  m i s s i o n  
when c o n t i n g e n c y  s i t u a t i o n s  w i l l  a r i s e  wnich w i l l  r e q u i r e  
d e v i a t i o n s  from t h e  nominal  s c h e d u l e .  Two o f  t h e  more complex 

w 
programs s i m u l a t e  con t ingency  s i t u a t i . o n s  by u s i n g  Monte C a r l o  
t e c h n i q u e s  and known f a i l u r e  r a t e  da ta  t o  s i m u l a t e  random 

* 
B o e i n g ' s  H e u r i s t i c  T ime l ine  Program and Genera l  Dynamics' 

Space  S t a t i o n  Miss ion  S i m u l a t i o n  Model 
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f a i l u r e s .  The Boeing model u s e s  a s e p a r a t e  computer  program 
t o  g e n e r a t e  f a i l u r e  da t a  and Drovides  t h i s  t o  t h e  A c t i v i t y  
S c h e d u l i n g  Node1 as i n p u t  d a t a .  Maintenance t i m e  i s  t h e n  
i n c l u d e d  i n  t h e  crew t i m e l i n e s  a s  r e q u i r e d .  

The Genera l  Dynamics Ac t iv i t J r  S c h e d u l e r  u s e s  f a i l u r o  
ra te  da ta  and Monte Car lo  t e c h n i q u e s  t o  g e n e r a t e  random f a i l u r e s  
in a Random Even t s  G e n e r a t o r ,  which i s  p a r t  o f  t h e  mode l ' s  
M i s s i o n  S i m u l a t i o n  Model. The l a t t e r  i n s e r t s  t h e s e  random 
e v e n t s  i n t o  a p r e v i o u s l y  d e t e r m i n e d  nominal  s c h e d u l e  and 
a n a l y z e s  t h e  e f f e c t s  on t h e  e f . f i c i e n c y  o f  t h e  s c h e d u l e .  

3 . 1 . 3  S p a c e c r a f t  Ephemeris  

A l l  of  t h e  models  u t i l i z e  s p a c e c r a f t  ephemer i s  
i n f o r x a t i o n  t o  d e t e r m i n e  t h e  t ime  a t  which ephemeris-bound 
t a s k s  must be  pe r fo rmed .  T h i s  i n f o r m a t i o n  may t a k e  one o f  
two b a s i c  fo rms :  p o s i t i o n  data  or t i m e  d a t a .  Two o f  t h e  

models  g e n e r a t e  a s p a c e c r a f t  ephemer is  f rom i n p u t  o r b i t  
d a t a  and t h e n  compare t h e  p o s i t i o n  of  t h e  s p a c e c r a f t  w i t h  t h e  
p o s i t i o n  of t h e  r e q u i r e d  t e r r e s t r i a l  t s r g e t  t o  cleterx,ine 
.::* . # . . -  - .,.A__ 1 n 3 7, - 2 ?=,y;:.zi>-?r taslc 2 5  t.; b~ ~ ~ : - f c y ~ . ~ , ~ .  Th$se , 

p u t  a t i o n s  ho~: rever  a r e  t i m e  c c n s u n i n s  and a r e  r e p n ? t e , 5  during 
ev:-.ry run even i f  t h e  i r iput  orbir: : l  d a t a  hi?s no t  c h m g e d .  
An a l t e r n a t i v e  i s  t o  d e t e r m i n e  t h s  i n f o r m a t i o n  i n  a s e p a r a t e  
computer  progyam and t h e n  t o  p r o v i d e  as i n p u t  t o  t h e  a c t i v i t y  
s c h e d u l e r  on ly  t n e  s p e c i f i c  m i s s i o n  t i m e s  a t  whicn p e r f o r -  
mance o p p o r t u n i t i e s  o c c u r .  The BCMASP Ear th-Orb ' i t  S i m u l a t o r  
( R e f e r e n c e  1 2 )  i s  d e s i g n e d  s p e c i f i c a l l y  t o  i n v e s t i g a t e  t a r g e t  
s i t e  v i s i b i l i t y  from o r b i t  and cou ld  b e  used  t o  d e r i v e  t h i s  
i n f o r m a t i o n  for a s c h e d u l i n g  model.  

* s 

n n m -  . -  

3.2  S c h e d u l e r  P.lgorithm 

The s i g n i f i c a n t  c h a r a c t e r i s t i c s  o f '  t h e  a c t i v i t y  
s c h e d u l e r  a l g o r i t h m s  a r e  a l s o  compared i n  T a b l e  7 .  

3 . 2 . 1  Task  P r i o r i t y  Assignment 

There  a re  only two methods used  t o  a s s i g n  p r i o r i t i e s  
t o  d i f f e r e n t  t a s k s :  s t a t i c  and dynan;,c. The word " s t a t i c "  i s  
u s e d  t o  d e s c r i b e  a method i n  which t a s k  p r i o r i t i e s  a r e  ass ignec!  
o n l y  once ,  b e f o r e  t h e  s c h e d u l i n g  p r o c e s s  b e g i n s .  The t a s k s  
a re  t h e n  s c h e d u l e d  anywhere o v e r  t h e  m i s s i o n  d u r a t i o n  by t h e  
w i n d o w - f i l l i n g  t e c h n i q u e .  I n  t h i s  wa:yT, one is a s s u r e d  t h a t  
any t i m e  which i s  a v a i l a b l e  i s  a l r e a d y  committed t o  a t a s k  
which  i s  of h i g h e r  p r i o r i t y  t h a n  any o f  t h e  ones  a w a i t i n g  
a s s i g n m e n t .  

* 
MSFC/Brown E n g i n e e r i n g ' s  Expe r imen t s  S c h e d u l i n g  Program 

and G e n e r a l  Dynamics' OPTIMA 
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The "dynamic" method i s  used w i t h  s e q u e n t i a l  t ime-  
l i n i n g  ( i . e . ,  when t a s k s  a r e  s c h e d u l e d  i n  s e q u e n t i a l  m i s s i o n  

b e  r e c a l c u l a t e d  a t  t h e  b e g i n n i n g  o f  e a c h  uncommitted t i m e  
i n t e r v a l .  The t a s k s  are t h e n  rev iewed i n  d e s c e n d i n g  o r d e r  o f  
p r i o r i t y  u n t i l  one i s  found  whose r e q u i r e m e n t s  are c o m p a t i b l e  
w i t h  t h e  c u r r e n t  c a p a b i l i t i e s  o f  t h e  s p a c e c r a f t  and  crew. 
T h e  t a s k  i s  s c h e d u l e d ,  m i s s i o n  time i s  advanced by t h e  t i m e  
r e q u i r e d  f o r  t h e  t a s k ,  and t h e  p r o c e s s  i s  r e p e a t e d .  

F l  
- 7  L;xe) .  i h e  c l y ~ ~ . ~ ? :  method r e q u i r e s  t h a t  the t a s k  p r i o r i t i e s  

3 . ? . 2  Crew Skills 

The f a c t c r s  which a r e  used  t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  
_ f  tx;: r e q u i r e m e n t s  w i t h  t h e  s t a t u s  of  t h e  s p a c e c r a f t  and crew 

&'V. . :T~  3re a number o f  b a s i c  f a c t o r s  which a re  used  b y  v i r t u a l l y  

- - ~ - : i l ? _ b i l  i t y  , and t h e  c o r n ~ a t i b i l i t y  of consumables r e q u i r e d  and 

_ _ _ .  c, *-a i n d i c a t i v e  of  t h e  s o p h i s t i c a t i o n  of t h e  s c h e d u l i n g  a l y o r i t h m .  

11 J ; h e d x l i n s  models .  These i n c l u d e  t a s k  p r i o r i t y ,  crew 

., - 1  * - ":- 1 e . 

This b a s i c  llst is s u p p l e n e c t s S  i n  each  ;..adel b:; a 
.. ,. ., L. ,>,, ~ ~ zf d L f f e r e n c  f a c k o r s .  T h e  mcrn s i g n i f i c a n t  O ~ I O S  ??e 
?';ted i n  T a b l e  7 .  Though a l l  o f  t h e  y o d e l s  check crew a v a i l a -  
i I l i t y ,  o n l y  f o u r  have t h e  c a p a b i l i t y  t o  d i f f e r e n t i a t e  p a r t i c u l a r  
creiv s k i l l s .  I n  t h i s  c a s e ,  "crew a v a i l a b i l i t y "  means on ly  t h a t  
t h e  crewman (or crewmen) h a v i n g  t h e  s k i l l s  r e q u i r e d  t o  pe r fo rm 
:?.e t a s k .  I f  no  crew member w i t h  t h e  r e q u i r e d  s k i l l s  i s  a v a i l a b l e ,  
the t a s k  w i l l  n o t  b e  s c h e d u l e d .  T o  p r o v i d e  g r e a t e r  f l e x i b i l i t y ,  
a v a r i a t i o n  or' t h i s  approach  a s s i p n s  e a c h  crewman a n u m e r i c a l  
p r o f i c i e n c y  r a t i n g  i n  a l l  t a s k s .  The program t h e n  s e l e c t s  t h e  
most p r o f i c i e n t  crewman a v a i l a b l e  (down t o  a p r e d e f i n e d  l e v e l )  
t o  p e r f o r m  t h e  t a s k .  Again,  i f  no crewman w i t h  s u f f i c i e n t  skill 
i s  a v a i l a b l e ,  t h e  t a s k  would n o t  b e  s c h e d u l e d .  

* 

3 .? .  3 Srew L o c a t i o n  *. 

A l l  b u t  two OF t h e  models c o n s i d e r  t h e  c u r r e n t  p h y s i c a l  
I o c s t i o n  of  each  crewnan when a t t e m 3 t i n z  t o  s c h e d u l e  a t a s k .  The 
:-.c:hod o f  i c c o u n t l n g  f o r  l o c a t i o n  d i f f e r s  and i n  most c a s e s  was 
2:t 2 x p l a l n e d .  One v e r y  s i m p l e  aDproach used  by  t h e  CP.SP con- 
siders o n l y  w h e t h e r  t h e  a s t r o n a u t  i s  i n s i d e  or o u t s i d e  t h e  
s p a c e c r a f t .  Presumably t h i s  i s  an a t t e m p t  t o  s c h e d u l e  as many 
e x p e r i m e n t s  a s  p o s s i b l e  d u r i n g  an EVA b u t  i n  t h i s  c a s e  i t  seems 
l i k e  an u n n e c e s s a r i l y  complex approach  s i n c e  t h e  e x p e r i m e n t s  
c o u l d  s imply  be  s p e c i f i e d  as a b l o c k  o f  t a s k s  which must  be 

* 
G e n e r a l  Dynamics' Space S t a t i o n  M i s s i o n  S i m u l a t i o n  Model . 
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performed i n  sequence .  Note t h a t  t h e  f i r s t  t a sks  i n  t h i s  
s equence  would be  t h e  p h y s i c a l  a c t s  o f  donning  t h e  s p a c e  s u i t  
and g o i n g  o u t s i d e  t h e  v e h i c l e .  S i m i l a r l y ,  t h e  f i n a l  t a s k s  i n  
t h e  sequence  would be  t h e  p h y s i c a l  a c t s  of  r e e n t e r i n g  t h e  
s p a c e c r a f t  and removing t h e  s p a c e  s u i t .  

The o t h e r  approaches  were n o t  d i s c u s s e d  b u t  t h e r e  
were i n d i c a t i o n s  t h a t  t h e y  were s i g n i f i c a n t l y  more complex, 
and were ab le  t o  keep  t r a c k  o f  t h e  crewman's l o c a t i o n  th rough-  
o u t  t h e  s p a c e c r a f t .  Such i n f o r m a t i o n  i s  used  t o  minimize  t h e  
amount o f  crew r e l o c a t i o n s  r e q u i r e d  and t o  accoun t  for t h e  
t i m e  r e q u i r e d  for these  r e l o c a t i o n s .  

3 . 2 . 4  V a r i a b l e  Crew Cyc les  
* 

Only two models p e r m i t  v a r i a t i o n s  i n  t h e  p r e d e f i n e d  
s c h e d u l e  of  t n e  crewman's p e r s o n a l  t a s k s  ( i . e . ,  s l e e p / e a x / r e s t  
c y c l e ) .  The more common approach  i s ' t o  i n s e r t  t h e s e  tasks  i n t o  
t h e  t i m e l i n e  b e f o r e  any o t h e r  t a s k s  a re  s c h e d u l e d  and t o  con- 
s i d e r  t hese  c y c l e s  i n v i o l a t e .  However, i n  t h e  two models n o t e d ,  
+'*-a - I _  - :n'-c?i:l-?d ~ ? r f o ~ n s n c e  t i T e  o f  t h e z e  l i f e  c y c l e  t 2s l . s  c?? 
D e  2 a j u s t e d  ,>;ith!n p r e d e f i n e d  linZ$s ( s a y  +2 ~ O U I ~ S )  w ? I ~ ~ - I  

nec"ssar j r  to e c c o ~ m o d a t e  t h e  schec7idlin;r of-other t a s k s .  T h l s  
i s  a p a i > t i c u l a r l y  advantageous  c a r a b i l i t y  which l e a d s  t o  b e L t e r  
u t i l i z a t i o n  of  a v a i l a b l e  t i m e .  I t  i s  s l s o  more c l o s e l y  r e l a t e d  
t o  t h e  r e a l  w o r l d  where o n e ' s  p e r s o n a l  s c h e d u l e  does  i n d e e d  
v a r y  f rom day t o  day .  

3 . 2 . 5  Human F a c t o r s  

The e x p l o r a t o r y  n a t u r e  and s h o r t  d u r a t i o n  of  m i s s i o n s  
i n  t h e  f i r s t  t h r e e  s p a c e  programs n e i t h e r  p e r m i t t e d  n o r  r e q u i r e d  
t h a t  e x t e n s i v e  c o n s i d e r a t i o n  be g i v e n  t o  crew f a c t o r s  o t h e r  

. t h a n  t h o s e  d i r e c t l y  concerned  w i t h  t h e  a s t r o n a u t s '  p h y s i c a l  w e l l -  
b e i n g .  However, as i n d i c a t e d  i n  S e c t i o n  1 . 0 ,  t h e  AAP program 
w i l l  b e g i n  a new g e n e r a t i o n  of  m i s s i o n s  which w i l l  b e  o r i e n t e d  
much more toward  s c i e n t i f i c  i n v e s t i g a t i o n  t h a n  toward  improving  
o p e r a t i o n a l  t e c h n i q u e s  or q u a l i f y i n g  s p a c e c r a f t  equipment .  
Beg inn ing  w i t h  t h e s e  m i s s i o n s ,  t h e  a s t r o n a u t s '  working  c o n d i t i o n s  
w i l l  more closely approximate  those found a t  t e r r e s t r i a l  s c i e n -  
t i f i c  s t a t i o n s  ( e . g . ,  s e p a r a t e  working'  and l i v i n g  q u a r t e r s ,  and 
freedom o f  movement th roughou t  t h e s e  q u a r t e r s ) .  T h e r e f o r e  t h e  
a s t r o n a u t s  can  be e x p e c t e d  t o  e n c o u n t e r  some of  t h e  human f a c t o r s  
problems which a r e  o f t e n  e x p e r i e n c e d  by t h e  s c i e n t i f i c  s t a f f  a t  
i s o l a t e d  s t a t i o n s .  These problems are r e l a t e d  t o  f a t i g u e ,  bo re -  
dom, i s o l a t i o n ,  small  g roup  i n t e r a c t i o n s ,  conf inemen t ,  e t c .  

* 
G e n e r a l  E l e c t r i c ' s  CASP and Boe ing ' s  H e u r i s t i c  T i m e l i n e  

Program 
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Of a l l  t h e  programs r ev iewed ,  on ly  t h r e e  a t t e m p t e d  
t o  t ake  these  problems i n t o  accoun t .  The CASP a s s i g n s  a 
" f a t i g u e  f a c t o r "  t o  e a c h  task .  When a s s i g n i n g  a t a s k  t o  a 
crewman i t  i n c r e a s e s  t h e  crewman's t o t a l .  f a t i g u e  l e v e l  by t h e  
f a t i g u e  f a c t o r  a s s o c i a t e d  w i t h  t h e  t ask .  The p r i o r i t y  of a 
res t  p e r i o d  f o r  t h e  crewman is t h e n  de te rmined  by comparing 
h i s  c u r r e n t  f a t i g u e  l e v e l  w i t h  a p r e d e f i n e d  maximum. Note 
t h a t  t h i s  approach  i s  a p p l i c a b l e  on ly  t o  t h o s e  models  which 
r e d e f i n e  t a sk  p r i o r i t i e s  a t  each  t ime inc remen t  s i n c e  t h e  need  
for (and  hence  t h e  p r i o r i t y  o f )  a r e s t  p e r i o d  i s  a f u n c t i o n  o f  
t h e  l e n g t h  of  time from t h e  p r e v i o u s  r e s t  p e r i o d .  

The TRW approach  keeps  t r a c k  of  " m e t a b o l i c  limits" 
and compares t hese  l i m i t s  t o  some p r e d e f i n e d  l e v e l  though i t  
i s  n o t  c l e a r  from R e f e r e n c e s  3 and 4 how these  c o n t i n u o u s l y  
v a r y i n g  l i m i t s  c o u l d  b e  used w i t h  t h e  w i n d o w - f i l l i n g  t i m e -  
l i n i n g  t e c n n i q u e .  Gene ra l  Dynamics' OPTIVA model a l s o  r ecog-  
n i z e s  t h e .  need t o  a c c o u n t  f o r  human f a c t o r s .  It  does  s o  
however by p r o v i d i n g  a n a l y s e s  which o p t i m i z e  t h e  c r e w ' s  work/ 
r e s t  c y c l e s .  
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4.0  D i s c u s s i o n  and Recommendations 

t o  s a t i s f y  a I_r..?ique s e t  of r e q u i r e m e n t s ;  as a r e s u l t  t h e r e  i s  
a wide  v a r i a t i o n  i n  t h e i r  c h a r a c t e r i s t i c s  and c a p a b i l i t i e s .  Any 

i n c o r p o r a t e  t h e  d e s i r a b l e  f e a t u r e s  o f  t h o s e  a l r e a d y  i n  u s e .  T h i s  
s e c t i o n  p r e s e n t s  t h e  wr i t e r ' s  recommendations on s e v e r a l  f e a t u r e s  
deemed d e s i r a b l e  i n  a s c h e d u l e r .  It i s  hoped t h a t  t h e y  w i l l  
p r o v i d e  i n s i g h t s  t h a t  w i l l  c o n t r i b u t e  t o  f o r m u l a t i n g  t h e  o b j e c -  
t i v e s  and r e q u i r e m e n t s  of  any new model.  

Each o f  t h e  models  d i s c u s s e d  above was c o n s t r u c t e d  

-new s c h e d u l i n g  model t h a t  may b e  deve loped  i n  t h e  f u t u r e  s h o u l d  

4 . 1  blodel C o n s t r u c t i o n  

As d e s c r i b e d  i n  S e c t i o n  2 . 0 ,  a l l  t h e  models s u r v e y e d  
are  o r g a n i z e 3  i n t o  t h r e e  d i s t i n c t  areas : Data P r e p a r a t i o n ,  
S c h e d u l e r ,  and O u t p u t .  It  i s  recommended t h a t  any new s c h e d u l e r  
b e  s i m i l a r l y  o r g a n i z e d .  The p r imary  advan tage  of t h i s  o r g a n i -  
z a t i o n a l  s t r u c t u r e  i s  t h a t  t h e  a l g o r i t h m  i n  each  a r e a  can  be 
z l m n s t  e n t i r e l y  i s o l a t e d  from t h e  r e s t  of t h e  n o d e l  which 
f a c i l i t z : e s  chzrg5ng ?he ZlIgcrith:? i f  d ? s ! ~ ? d .  Sir .ce  the 
optimum t e c h n i q u e s  for per fo rming  e a c h  of t h e s e  p r imary  f u n c t i o n s  
hatre n o t  y e t  been e s t a b l i s h e d ,  t h i s  c a p z b L l i t y  e:ould. f a c t l i t a t e  
t h e  i n c o r p o r a t i o n  o f  new t e c h n i q u e s  or Dermit t h e  e v a l u a t i o n  of  
compet ing  t e c h n i q u e s .  I n  a d d i t i o n ,  t h e  i n t e r f a c e s  between a r e a s  
p r o v i d e  c o n v e n i e n t  p o i n t s  f o r  i n t e r m e d i a t e  e v a l u a t i o n s  and Gut- 
p u t s  ( e . g . ,  Gene ra l  Dynamics' Space  S t a t i o n  F i s s i o n  S i m u l a t i o n  
N o d e l ) .  

4 . 1 . 1  Computat ion O p t i o n s  

The model s h o u l d  be c a p a b l e  o f  h a n d l i n g  two t y p e s  of 
p r o b l e m s :  (1) t h e  s c h e d u l i n g  of an expe r imen t  package  w i t h i n  

. f i x e d  l i m i t a t i o n s  p l a c e d  upon m i s s i o n  d u r a t i o n  and s p a c e c r a f t /  
crew c a p a b i l i t i e s ;  and ( 2 )  t h e  d e t e r m i n a t i o n  of  t h e  m i s s i o n  
d u r a t i o n ,  ar.d s p a c e c r a f t / c r e w  c a p a b i l i t i e s  r e q u i r e d  t o  s u c c e s s -  
f u l l y  s c h e d u l e  a f i x e d  package of  e x p e r i m e n t s  or. crew t a s k s .  

I n  c o n j u n c t i o n  w i t h  t h i s  c a p a b i l i t y  i t  would be 
advan tageous  t o  c o n s t r u c t  t h e  modei S O  t h a t  i t  c o u l d  p e r f o m  a 
v a r i e t y  of  a n a l y s e s  b o t h  b e f o r e  and a f t e r  t h e  a c t u a l  a c t i v i t y  
t i m e l i n i n g  c o m p u t a t i o n s .  P r e - t i m e l i n i n g  computa t ions  would be  
u s e d  p r i m a r i l y  where f i x e d  l i m i t a t i o n s  have  been  imposed on 
m i s s i o n  d u r a t i o n ,  s p a c e c r a f t ,  and crew.  The computa t ions  would 
i n d i c a t e  if t h e r e  were d i s c r e p a n c i e s  be tween o v e r a l l  c a p a b i l i t y  
and t a s k  r e q u i r e m e n t s  t h a t  would p r e v e n t  s c h e d u l i n g  of  t h e  e n t i r e  
package  as d e f i n e d .  An example of  a d i s c r e p a n c y  would be  a 
r e q u i r e d  amount of  an expendab le  i n  e x c e s s  o f  t h e  amount a v a i l a b l e .  
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P o s t - t i m e l i n i n g  a n a l y s e s  s h o u l d  i n c l u d e  o p t i o n s  t o  
per form a v a r i e t y  of a n a l y s e s  on t h e  a c t u a l  t i m e l i n e .  These 
would incl .ude t i m e l i n e s  o f  crew act i3r i t - l -es  and e x p e n d s b l e  con- 
sumpt ion ,  and a n a l y s e s  of t i m e l i n e  e f f i c i e n c y .  Another  o p t i o n  
might be t o  p e r f o r m  a c o n t i n g e n c y  a n a l y s i s ,  s imi la r  t o  t h o s e  
i n  Boe ing ' s  H e u r i s t i c  T i m e l i n e  Program and Genera l  Dynamics' 
Space  S t a t i o n  Miss ion  S i m u l a t i o n  Model, t o  s t u d y  t h e  e f f e c t  o f  
random e v e n t s  upon t h e  nominal  t i m e l i n e .  

4 . 1 . 2  Data I n p u t  

All of  t h e  models r e q u i r e  v i r t u a l l y  t h e  same i n p u t  
i n f o r m a t i o n .  T h i s  i n f o r m a t i o n  can b e  d i v i d e d  i n t o  t h e  f i v e  
g e n e r a l  t y p e s  of  d a t a  shown i n  T a b l e  8. There  i s  however no  
s t a n d a r d  method of e i t h e r  q u a n t i f y i n g  o r  t a b u l a t i n g  t h e  da t a  
c h a r a c t e r i s t i c s  w i t h i n  each  t y p e .  The r e s u l t  i s  t h a t  each  model 
has a u n i a u e  method o f  q u a n t i f y i n g  t h e  i n f o r m a t i o n  and s u p p l y i n g  
i t  t o  t h e  program. 

F e z e n t l y ,  t h e  arnount of ex>er imen t  3 r d  subsvs te - !  
d a t ?  f o r  t h e  AA? x i s s i o n  has becorxe s o  l a r g e  and t h ?  c h a r a c -  
teristics s o  d i v e r s e  t h e t  i n t e r e s t  h a s  been g e n e r z t e d  i n  
d e v e l o p i n g  compute r i zed  " d a t a  banks" t o  s e r v e  as c e n t r a l i z e d  
s o u r c e s  o f  i n f o r m a t i o n .  Such da t a  banks would c o n t a i n  com- 
p l e t e  d e s c r i p t i o n s  o f  a l l  p e r t i n e n t  sys tems and o p e r a t i o n s ,  
and would be  upda ted  r e g u l a r l y  s o  t h a t  t h e  c o n t e n t s  would 
r e f l e c t  t h e  l a t e s t  d e s i g n  i n f o r m a t i o n .  One of  t h e  m a j o r  
p o r t i o n s  of such  a development  i s  t h e  c l a s s i f i c a t i o n  and 
q u a n t i f i c a t i o n  o f  d e s i g n  da ta  s o  t h a t  i t  can  be s t o r e d  i n  a 
computer .  The da t a  bank approach  c o u l d  p r o v i d e  a s i n g l e  
c e n t r a l i z e d  s o u r c e  of d e s i g n  da ta .  I n  a d d i t i o n ,  t h e  d a t a  
c l a s s i f i c a t i o n s  deve loped  for a da ta  bank c o u l d ,  i f  w i d e l y  
a c c e p t e d ,  e v o l v e  i n t o  a program-wide s t a n d a r d  f a c i l i t a t i n g  
communication between t h e  g e n e r a t o r s  and t h e  u s e r s  of  t h e  
d a t a .  I t s  p o t e n t i a l  i s  o f  p a r t i c u l a r  i n t e r e s t  h e r e  i n  t h a t  
t h e  e x i s t e n c e  of  " s t a n d a r d "  da ta  c l a s s i f i c a t i o n s  would a f f e c t  . 
t h e  t y p e  and fo rma t  of  i n p u t  i n f o r m a t i o n  s u p p l i e d  t o  t h e  
s c h e d u l e r .  

One approach  t o  such  a d a t a  bank ,  d e s i g n e d  s p e c i -  
f i c a l l y  f o r  AAP e x p e r i m e n t s  by Mar t in  Mar i e t t a /Denver  D i v i s i o n  
( u n d e r  c o n t r a c t  t o  MSFC) i s  a l r e a d y  o p e r a t i o n a l .  It c o n t a i n s  
66 expe r imen t  d e s c r i p t o r s  f o r  each  expc r imen t  and i s  c u r r e n t l y  
u s e d  t o  " t r a c k "  7 3  e x p e r i m e n t s .  M a r t i n  has n o t  u s e d  t h e  da t a  

I( 

t 
R e f e r e n c e  8 
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TABLE 8 

TYPES OF INPUT DATA 

-Ephemeris  Data 

-Experiment  Requirements  and C o n s t r a i n t s  

- S p a c e c r a f t  System and Subsystem C a p a b i l i t i e s  and 
L i m i t  a t  i o n s  

* P e r s o n a l  A c t i v i t y  Schedu les  

* S p a c e c r a f t  Housekeeping Task S c h e d u l e s  
I 
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bank o u t p u t  d i r e c t l y  as an  i n p u t  t o  t h e i r  s c h e d u l i n g  model 
(SAMMIE) b e c a u s e  some of  t h e  d a t a  r e q u i r e d  by t h e  s c h e d u l e r  
i s  n o t  e a s i l y  q u a n t i f i a b l e ,  The d a t a  c l a s s i f i c a t i o n s  u s e d  
by t h e  M a r t i n  d a t a  bank s h o u l d  be s t u d i e d  more c l o s e l y  t o  
d e t e r m i n e  wh;;h of them can be u s e d  f z ?  s u p p l y i n g  d a t a  t o  a 
s c h e d u l i n g  model.  

4.1.3 I n t e r n a l  Data L i b r a r i e s  

r e q u i r e d  by an A c t i v i t y  S c h e d u l i n g  Model for e a c h  r u n .  Large  
amounts o f  t h i s  data however may n o t  change from r u n  t o  r u n .  
It  i s  recommended t h e r e f o r e  t h a t  t h e  i n p u t  da t a  l i b r a r i e s  be 
e i t h e r  an i n t e g r a l  p a r t  of t h e  program, or s t o r e d  on a n a g n e t l c  
t a p e  which can  be e a s i l y  r e a d  i n t o  t h e  computer .  I n  e i t h e r  
c a s e ,  t h e  e x e c u t i o n  o f  t h e  p r o g r a T  would b e g i n  w i t h  t h e  t r a n s f e r  
o f  t he  r e q u i r e d  d a t a  f rom t h e  permanent  l i b r a r i e s  t o  an a c t i v e  
f i l e .  The i n p u t  data  deck  would b e 2 r e a d  i n  a f t e r  t h i s  t r a n s f e r  
and would c o n t a i n  new v a l u e s  f o r  any d e s i r e d  v a r i a b l e ( s )  i n  t h e  
a c t i v e  f i l e .  The a p p r o p r i a t e  v a r i a b l e s  i n  t h e  a c t i v e  f i l e  
would b e  r e d e f i n e d  by t h e  v a l u e  d e f i n e d  i n  t h e  d a t a  deck w h i l e  
t h e  v a l u e s  o f  t h e s e  s a n e  v n i a b l e a  s t o r e d  i n  t n e  permanes t  
d a t a  l i b r a r y  woilld be  u n a f f e c t e d .  A s i m i l a r  a r rangement  i s  
u s e d  i n  BCNAS? and h a s  prove:: q u l t e  s z z i s f z e t o r y .  

A s  n o t e d  above ,  a l a r g e  amount of  i n p u t  d a t a  i s  

4 . 1 . 4  S p a c e c r a f t  Ephemeris 

All o f  t h e  models r e q u i r e  s p a c e c r a f t  ephemer is  i n f o r -  
m a t i o n .  A s  s u g g e s t e d  i n  S e c t i o n  3 .1 .3  however ,  it would be 
more e f f ' c i e n t  t o  s u p p l y  t h i s  i n f o r m a t i o n  as i n p u t  t o  t h e  model 
r a t h e r  than  t o  g e n e r a t e  t h e  ephemer i s  w i t h i n  t h e  model.  For 
example ,  r e c e n t  m o d i f i c a t i o n s  t o  t h e  BCVASP E a r t h - O r b i t  S i m u l a t o r  
p e r m i t  an e i g h t  month s p a c e c r a f t  enhemer is  t o  be s t o r e d  on t a p e .  

u s e d  as i n p u t  d a t a  t o  an a c t i v i t y  s c h e d u l i n g  model as o f t e n  as 
d e s i r e d .  

t 

. Such an ephemer i s  can  be  g e n e r a t e d  once ,  s t o r e d  on t a p e ,  and 

The  AAP c o r e  program i s  d i v i d e d  i n t o  ' d i s t i n c t  manned 
p h a s e s  s e p a r a t e d  by  dormant unmanned p h a s e s .  Each manned p h a s e  

t i n e  p l a n n i n g ,  t h e  c o r e  prograrn may be c o n s i d e r e d  as t h r e e  
S e p a r a t e  m i s s i o n s  (AAP-l/AAP-2; A A P - 3 A ;  AAP-3/AAP-4). S i n c e  
t h e  l e n g t h  of  s i m u l a t e d  m i s s i o n  t i m e  t h a t  can  b e  s t o r e d  on a 
s i n g l e  t a p e  depends  upon t h e  amount o f  i n f o r m a t i o n  t o  b e  s t o r e d  
a t  e a c h  r e c o r d i n g  i n t e r v a l ,  i t  would be u s e f u l  t o  g e n e r a t e  a new 
ephemer i s  t a p e  f o r  e a c h  manned p h a s e .  Doing s o  would p e r m i t  a 
marked i n c r e a s e  i n  t h e  number o f  v a r i a b l e s  which may be s t o r e d  
at  e a c h  r e c o r d i n g  i n t e r v a l  and  would e n a b l e  such  da ta  as ground-  
s i t e  v i s i b i l i t y ,  g r o u n d - s t a t i o n  c o n t a c t ,  and  s p a c e c r a f t  day/  
n i g h t  c y c l e s  t o  be s t o r e d  a l o n g  w i t h  t h e  b a s i c  p o s i t i o n ,  v e l o c i t y ,  
and t i m e  d a t a .  

1.14 1 1  k--IiTa 4 4 - 0  n7.7- n v n n - n 4 m d n + ~ l  n.nT\rrnnrn For p u r p o s e s  of crebl- 
- - * L A  i i a v r  A U O  u w A i  C A ~ G L  I I I I L - I I V C A - L  pi V ~ L L C ~ I ~ .  

* 
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T h i s  approach  would a l s o  app ly  t o  m i s s i o n s  beyond 
AAP i n  which e a r t h - o r b i t a l  s p a c e  s t a t i o n s ,  l o g i s t i c a l l y  r e s u p p l i e d  
a t  i n t e r v a l s  o f  a few months,  are  b e i n g  p r o j e c t e d .  Crex r o t a t i o n s  
and equipment  changes a t  p o i n t s  o f  l o g i s t i c  r e s u p p l y  may make 
s u f f i c i e n ' ;  changes  i n  t h e  space  st?-' i o n  t o  w a r r a n t  considering 
t h e  i n t e r v a l  be tween r e s u p p l i e s  as a m i s s i o n .  

4 . 2  S c h e d u l e r  A lgor i thm 

There  a p p e a r s  no  . d i s t i n c t  advan tage  t o  u s i n g  e i t h e r  t h e  
w i n d o w - f i l l i n g  or t h e  s e q u e n t i a l  s c h e d u l i n g  t e c h n i q u e .  The 
l a t t e r  has t h e  c a p a b i l i t y  t o  r e f l e c t  changes i n  t a sk  p r i o r i t i e s  
and s o  can  be more e a s i l y  r e s p o n s i v e  t o  dynamic crew f a c t o r  
problems such  as f a t i g u e  b u t ,  as d e s c r i b e d  above ,  t h e  t a s k s  w e  
n o t  n e c e s s a r i l y  s c h e d u l e d  i n  t h e  d e f i n e d  o r d e r  o f  p r i o r i t y .  The 
w i n d o w - f i l l i n g  method does s c h e d u l e  i n  o r d e r  of  p r i o r i t y  b u t  
i n  t h r e e  o f  t h e  models on ly  one 24-hour p e r i o d  can  be con- 
s i d e r e d  a t  one t ime.  Though t h i s J  s i m p l i f i e s  t h e  n o d e l  i t  p l a c e s  
an a r t i f i c i a l  b a r r i e r  on i t s  f l e x i b i l i t y .  Both methods w i l l  
have t o  be s t u d i e d  i n  more d e t a i l  b e f o r e  one can b e  recomnended. 

* 

4 . 2 . 1  Nominal vs  O p e r a t i o n a l  T5ne l ine . j  

Botn s c h e d u l i n g  methods g e n e r a t e  t h e  same t y p e  of  
i n f o r m a t i o n ;  a s e t  of crew t i m e l i n e s  i n  which each  t a s k  i s  
a s s i g n e d  a s p e c i f i c  s t a r t  and s t o p  t i m e .  Whether or n o t  t h i s  
approach  w i l l  b e  s u i t a b l e  f o r  f u t u r e  a c t i v i t y  s c h e d u l i n g  models 
depends  upon t h e  u s e s  t o  which t h e  .ou tput  t i m e l i n e  w i l l  b e  p u t .  
I f  i t  i s  t o  b e  u sed  a s  a m i s s i o n  p l a n n i n g  t o o l  t o  v e r i f y  t h a t  
a l l  of t h e  tasks  can  i n d e e d  b e  s c h e d u l e d  and /o r  t o  p r o v i d e  a 
g u i d e l i n e  f o r  t h e  a c t u a l  pe r fo rmance  sequence  of  t hese  t a sks ,  
t h e n  t h i s  approach  w i l l  b e  s a t i s f a c t o r y .  However, i f  t h e  t i m e -  
l i n e  i s  t o  b e  used  as an o p e r a t i o n a l  s c h e d u l e ,  one t h a t  t h e  
crewmen are  e x p e c t e d  t o  f o l l o w ,  t h e n  an a l g o r i t h m  which more 
c l o s e l y  approx ima tes  r e a l i s t i c  c o n d i t i o n s  may have t o  be  found .  
F o r  example ,  such  an a l g o r i t h m  might  n o t  a t t e m p t  t o  g e n e r a t e  
p r e c i s e  minute-by-minute  t i m e l i n e s  b u t  r a t h e r  might  p r e s e n t  
t h e  crewmen w i t h  g r o u p s  o f  t a sks  ( e x p e r i m e n t d l ,  h o u s e k e e p i n g ,  
and p e r s o n a l )  which would have t o  b e  per formed i n  a g i v e n  

c o u l d  t h e r e a f t e r  b e  l e f t  t o  t h e  crewmen, t h e  o n l y  e x c e p t i o n  
b e i n g  t h o s e  t a s k s  whose t ime  of per formance  i s  t i g h t l y  con- 
s t r a i n e d .  

ulllVUlit n m n , , n  of t i m e ,  e . g . ,  8-24 h o u r s .  The sequence  o f  pe r fo rmance  

* 
MSFC/Brown E n g i n e e r i n g ' s  Expe r imen t s  S c h e d u l i n g  Program, 

TRW's E x p e r i m e n t s  S c h e d u l i n g  Program, and G e n e r a l  Dynamics' 
Space  S t a t i o n  Miss ion  S i m u l a t i o n  Model 

-- --- --- ---- --- ---..-- _ "  _cl. e- 
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. Such- an o p e r a t i o n a l  t i m e l i n e  might  i n p r o v e  crew 
per formance  b y  p e r m i t t i n g  crewmen much g r e a t e r  p a r t i c i p a t i o n  
i n  t h e  dec is ion-making  p r o c e s s e s  of  t h e  s c h e d u l e ,  t h e r e b y  
s t i m u l a t i n g  t h e i r  i n t e r e s t .  
of  t h e  ATM e x p e r i m e n t s  a r e ,  t G  some e x t e n t ,  s c h e d u l e d  i n  t h i s  
way. I 

4 . 2 . 2  C o n s i d e r a t i o n  of  Human F a c t o r s  

I n  AAP-3/PPP-4 t h e  pe r fo rmance  

The impact  o f  human f a c t o r s  on t h e  g e n e r a t i o n  of  crew 
t i m e l i n e s  i n c r e a s e s  s i g n i f i c a n t l y  w i t h  i n c r e a s e s  i n  m i s s i o n  
d u r a t i o n : ,  a r e a l i s t i c  a l g o r i t h m  s h o u l d  at temDt t o  s i m u l a t e  
t h e  e f f e c t s  o f  t h e s e  f a c t o r s .  S i n c e  t h e i r  p r imary  in?pact o n  
t h e  a l g o r i t h m  i s  t h r o u g h  t h e  r u l e s  gove rn ing  crew work and 
r e c r e a t i o n  c y c l e s ,  i t  i s  recormended t h a t  t h e s e  r u l e s  be 
c o n t i n u z l l y  reexamined t o  keep them c o n s i s t e n t  w i t h  t h e  mos t  
r e c e n t  knowledge a v a i l a b l e .  

Two examples  of  t h e  t y p e  of e f f o r t  b e i n g  expended i n  
:he h u v m  f a c t o r s  a r e a  a r e  found i n  RefereRces  1 5  ar,? 16. Foth  
.. J e:.:--~:n?< 2122 c-cblevs  c f  Deyfr rmc:e  3u:Ln;- cz r - f ’  : -p--or+ ._ - .  2 _ _  > *  

1-ecor ted  252 f c i l o w i n g  r e s u l t s :  

a .  

b. 

C .  

d .  

l4en i n  conf inement  p r e f e r  work t o  f r e e  t i x e  and hence  
mean ingfu l  work o p p o r t u n i t i e s  a r e  p r e f e r a b l e  t o  e x c e s s  
o f f -du ty  t i m e .  

I f  c o n t i n g e n c y  t ime  i s  a l l o c a t e d  i n  crew t T T ; l . e l l K ” s ,  
a l t e r n a t i v e  t asks  s h o u l d  be  d e s i g n a t e d  i n  t h e  e v e n t  
t h a t  t hese  c o n t i n g e n c i e s  do n o t  o c c u r .  

I n  many c a s e s  a 4/4 w o r k / r e s t  c y c l e  (4 h o u r s  on - 
4 h o u r s  o f f )  a p p e a r s  p r e f e r a b l e  t o  t h e  normal  8 hour  ‘ 

work s h i f t s ,  e s p e c i a l l y  when t h e  t a sks  a r e  n o t  i n t r i n -  ’ 

s i c a l l y  i n t e r e s t i n g .  

T a s k  r o t a t i o n  s h o u l d  be  c o n s i d e r e d  as a normal 
r o u t i n e .  Note however,  t h a t  t a s k  r o k r t i o n  i s  
i n c o m p a t i b l e  w i t h  t h e  conceDt of s p e c i a l i z e d  crew 
s k i i i s .  

*. 

4 . 2 . 3  D e t e r m i n a t i o n  o f  T a s k  P r i o r i t i e s  

t a s k s  a r e  s c h e d u l e d  i n  descend ing  o r d e r  o f  p r i o r i t y .  However, 
t h e  c r i t e r i a  as wel l  as t h e  method f o r  a s s i g n i n g  t h e s e  p r i o r i t i e s  
v a r i e s  c o n s i d e r a b l y  f rom model t o  model.  I n  e x t r e m e l y  s i m p l e  
cases t h e  tasks  may be i n p u t  t o  t h e  model i n  e x a c t  o r d e r  of  
p r i o r i t y .  I n  most c a s e s  however t h e  tasks  a re  f i r s t  grouped  by 
t y p e  ( i . e . ,  p e r s o n a l ,  s y s t e m  housekeep ing ,  e x p e r i m e n t a l ,  e t c . )  
and  t h e n  s c h e d u l e d  i n  a p r e d e f i n e d  sequence  by t h e  model.  

R e g a r d l e s s  o f  which s c h e d u l i s z  method is u s e d ,  a l l  
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I n  t h e  models  s u r v e y e d ,  e x p e r i m e n t a l  t asks  a r e  c o n s i d e r e d  t o  
have t h e  l o w e s t  p r i o r i t y  and  s o  a l l  o t h e r  t a s k s  a re  s c h e d u l e d  
b e f o r e  t h e  expe r imen t  t a s k s  a re  c o n s i d e r e d .  The m a j o r  c h a l -  
l e n g e  t o  ':he s c h e d u l e r  i s  there.fol.2 t o  make t h e  most  e f f e c t i - v e  
u s e  o f  t h e  r e m a i n i n g  t ime.  

The e x p e r i m e n t a l  t a s k s  are a l s o  c o n s i d e r e d  f o r  
s c h e d u l i n g  i n  d e s c e n d i n g  o r d e r  o f  p r i o r i t y  ( though  t h e y  may 
n o t  a c t u a l l y  be s c h e d u l e d  i n  t h a t  o r d e r  when t h e  s e q u e n t i a l  
t i m e l i n i n g  method i s  u s e d ) .  Although t h e  answers  t o  t h e  
q u e s t i o n  of  what c o n s t i t u t e s  t h e  most e f f e c t i v e  u s e  o f  t i m e  
a re  s u b j e c t i v e ,  t h e y  a r e  q u i t e  i m p o r t a n t  s i n c e  t h e y  a re  t h e  
p r i m a r y  d e t e r m i n a n t s  o f  t h e  c r i t e y i a  used t o  a s s i g r ,  p r i o r i t i e s  
t o  t h e  e x p e r i m e n t a l  tasks .  As i n d i c a t e d  above ,  a number o f  
d i f f e r e n t  c r i t e r i a  have been  used  inc l -ud ing  s u c h  expe r imen t  
c h a r a c t e r i s t i c s  as exper iment  w e i g h t ,  expe r imen t  volume,  p e r -  
formance  t i m e ,  crew t i m e ,  and number o f  r e p e t i t i o n s  r e q u i r e d .  
One model r e q u i r e s  t h a t  each  expe r imen t  be g i v e n  a r a t i n g  t o  
i n d i c a t e  i t s  r e l a t i v e  s c i e n t i f i c  mer i t  or o v e r a l l  v a l u e  t o  t h e  
m i s s i c n .  The r a t i n g  i s  t h e n  u s e d  irs t h e  s c h e d u l i n g  c ? i t e r I o n .  

* 

Two o f  t h e  models'  t h a t  lise t h e  s e q u e n t i a l  method 
o f  s c h e d u l i n g  u s e  a combina t ion  or' s t a t i c  and dyrldmic p r i o i , i t y  
r a t i n g s  f o r  e a c h  exper iment  t o  r e v i s e  t h e  t ask  p r i c r i t y  l i s t  
a t  e a c h  i t e r a t i o n .  The s t a t i c  p r i o r i t y  r a t i n g  f o r  e a c h  e x p e r i -  
ment i s  p r o v i d e d  as one o f  t h e  expe r imen t  d e s c r i p t o r s .  The 
dynamic r a t i n g  is c a l c u l a t e d  a t  each  i t e r a t i o n  and depends upon 
c u r r e n t  s t a t u s  of  t h e  s p a c e c r a f t  sys tems and crew r e q u i r e m e n t s .  
These r a t i n g s  are t h e n  combined ( u s u a l l y  by  t a k i n g  t h e i r  pro-  
d u c t )  and t h e  e x p e r i m e n t s  r e o r d e r e d .  It  i s  a p p a r e n t  however ,  
t h a t  t h e s e  v a l u e s  as w e l l  as t h e  o t h e r  c r i t e r i a  ment ioned  above ,  
are q u i t e  a r b i t r a r y  and depend f o r  t h e  most p a r t  on t h e  u s e r ' s  
o b j e c t i v e s  and o p i n i o n s .  Though t h e s e  r a t i n g  methods s h o u l d  be  
g i v e n  f u r t h e r  s t u d y  i t  i s  q u i t e  p r o b a b l e  t h a t  no  method will 
p r o v e  c l e a r l y  s u p e r i o r  t o  t h e  o t h e r s .  It  is s u g g e s t e d  the re -  
f o r e  t h a t  t h e  computa t ions  f o r  o r d e r i n g  t a s k s  be k e p t  as 
i s o l a t e d  as p o s s i b l e  f rom t h e  r e s t  o f  t h e  model s o  t h a t  d i f -  
f e r e n t  methods can be  u s e d  as d e s i r e d  ( p e r h a p s  even  on o p t i o n )  
w i t h  l i t t l e  o r  no m o d i f f c a t t o n  r e q u i r e d  t o  t h e  r e s t  o f  t h e  
mode 1. 

* 
MSFC/Brown E n g i n e e r i n g ' s  Expe r imen t s  S c h e d u l i n g  Program 

'General E l e c t r i c ' s  CASP and Genera l  Dynamics' OPTIMA 
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5 .O Sumrr,ary 

shows t h a t  tLc-y have d e f i n i t e  s i m i l ? r l + - i e s  i n  o v e r a l l  s t r u c t u r c  
and i n  t h e i r  approach  t o  s c h e d u l i n g .  All o f  t h e  models are 
o r g a n i z e d  i n t o  t h r e e  d i s t i n c t  f u n c t i o n a l  areas:  Data P r e p a r a t i o n ,  
S c h e d u l e r ,  and Ou tpu t .  I n  a d d i t i o n ,  a l l  u s e  one o f  two time- 
l i n i n g  methods : w i n d o w - f i l l i n g  o r  s e q u e n t i a l  s c h e d u l i n g .  N e i t h e r  
of  t h e s e  methods a p p e a r s  t o  have a d i s t i n c t  advan tage  o v e r  t h e  
o t h e r .  The s e q u e n t i a l  method s c h e d u l e s  a t a s k  i n  e a c h  f r ee  
segment of  m i s s i o n  t ime i n  sequence from t h e  b e g i n n i n g  t o  t h e  
e n d  o f  t h e  m i s s i o n .  A t  t h e  b e g i n n i n g  o f  e a c h  f r e e  segment o f  
time, a l l  o f  t h e  c a n a i d a t e  t a s k s  a r e  examined i n  d e s c e n d l n g  
o r d e r  o f  p r i o r i t y  and  t h e  f i r s t  t a s k  whose r e q u i r e m e n t s  a r e  com- 
p a t i b l e  w i t h  e x i s t i n g  c o n d i t i o n s  i s  s c h e d u l e d .  A no tewor thy  
f e a t u r e  of t h i s  approach  i s  i t s  a d a p t a b i l i t y  t o  t h e  use  o f  a 
dynamic p r i o r i t y  r a t i n g .  The p r i o r i t y  of  e a c h  unschedu led  t a s k  
i s  r e e v a l u a t e d  a t  t h e  b e g i n n i n g  of  e a c h  i t e r a t i o n  s o  t n a t  a l l  
p r i o r i t i e s  a r e  c o n t i n u a l l y  i n f l u e n c e d  by t h e  t i m e l i n e  t h a t  has 
r.1 rezci:; b e e n  a e n e r e t e d .  

A comparison o f  seven  a c t i v i t y  s c h e d u l i n g  models 

I n  t h e  ~ , . ~ i n d o ~ ~ ~ - f i l l ~ : ~ ~ ~  tecnniquc?,  t h e  priorities l o r  _ _  
;-- tas>:s zr-3 e s c E t l i s h e d  or!;;. OT.~) ;  ,< s t a ; i c  p r i o y 2 t ;  r a t i z g )  

b e f o r e  t h e  s c h e d u l i n g  p r o c e s s  b e g i n s .  Tasks  a re  t h e n  s c h e d u l e d  
i n  d e s c e n d i n g  o r d e r  o f  p r i o r i t y  anywhere o v e r  t h e  d u r a t i o n  o f  
tne m i s s i o n  where t h e  t a s k  r e q u i r e n e n t s  a r e  compa t ib l e  w i t h  t h e  
e x i s t i n g  c o n d i t i o n s .  Some o f  t h e  models t h a t  employ t h e  window- 
f i l l i n g  t e c h n i q u e  c o n s i d e r  on ly  one 24-hour p e r i o d  a t  a t i m e  
which app+:ars t o  be an unnecessa ry  l i m i t a t i o n  t h a t  s e v e r e l y  
r e d u c e s  t h e  f l e x i b i l i t y  o f  t h e  approach .  

of a s s i g n i n g  p r i o r i t i e s  t o  each  t a s k ,  t h e  c r i t e r i a  b y  which t h e s e  
p r i o r i t i e s  are  a s s i g n e d  i s  d i f f e r e n t  i n  e a c h  model and i n  a l l  
c a s e s  a p p e a r s  q u i t e  s u b j e c t i v e .  Among t h e  c r i t e r i a  used  t o  
d e t e r m i n e  expe r imen t  t a s k  p r i o r i t i e s  a r e  such  o b j e c t i v e  c h a r a c -  
t e r i s t i c s  as e x p e r i n e n t  w e i g h t ,  expe r imen t  volume, per formance  
t i n e ,  and crew r e q u i r e m e n t s .  S u b j e c t i v e  c h a r a c t e r i s t i c s  such  

E 

Though t h e r e  a r e  only two methods ( s t a t i c  and dynamic) 

3 s  s c i e r , t i f i c  mer i t  and ' f u t i l i t y  v a l ~ p f f  aye a l s o  i jspd. 

Another  ma jo r  d i f f e r e n c e  between t h e  models i s  t h e  
method o f  q u a n t i f y i n g  t a s k  r e q u i r e m e n t s  and s p a c e c r a f t / c r e w  
c h a r a c t e r i s t i c s .  D i f f e r e n c e s  a r i s e  b e c a u s e  much o f  t h e  d a t a ,  
e s p e c i a l l y  i n  t h e  s c i e n t i f i c  a r e a ,  i s  ambiguous and n o t  e a s i l y  
q u a n t i f i a b l e .  R e c e n t l y  however t h e r e  has been  c o n s i d e r a b l e  

* 
There  a p p e a r s  n o  r e a s o n  why s t a t i c  o r  dynamic p r i o r i t i e s  

c a n n o t  be used  w i t h  e i t h e r  s e q u e n t i a l  .or w i n d o w - f i l l i n g  s c h e d u l i n g  
a l g o r i t h m s .  
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i n t e r e s t  g e n e r a t e d  i n  d e v e l o p i n g  compute r i zed  "data  banks"  t o  
s e r v e  as c e n t r a l i z e d  s o u r c e s  o f  i n f o r m a t i o n  f o r  a l l  AAP d a t a ,  
Procress on t h e  development  of  d a t a  banks  s h o u l d  b e  f o l l o w e d ,  
p a - t i c u l a r l y  i n  t h e  a r e a  of  d a t a  c l a s s i f i c a t i o n s  which may 
af fe c t c o m p a t i b i l i t y  w i t h  an a c t i v i t y  s cne d u l e  r . 

Because '  o f  t h e - u n c e r t a i n t i e s  i n  s o  many of  t h e  b a s i c  _ _  _. 

areas ( i n p u t  data  c l a s s i f i c a t i o n s ,  e s t a b l i s h m e n t  o f  t a s k  p r i o r i t i e s ,  
and s c h e d u l i n g  a l g o r i t h m s ) ,  i t  i s  recommended t h a t  any new model 
b e  c o n s t r u c t e d  i n  such  a manner t h a t  e a c h  o f  these  b a s i c  
f u n c t i o n s  i s  " i s o l a t e d "  from the  r e s t  o f  t h e  model.  T h i s  con- 
s t r u c t i o n  would f a c i l i t a t e  e v a l u a t i o n  o f  d i f f e r e n t  t e c h n i q u e s  i n  

p a r t i c u l a r  t e c h n i q u e  at a l a t e r  d a t e .  
-. - 4 L . -  -, n 'e a r e a  2s :.;ell 2s  n i n i r n i z i n g  t h e  pl-oblern of  chang ing  a 

O t h e r  recornmendations i n c l u d e  : 

a .  E s t a b l i s h m e n t  of  d a t a  l i b r a g i e s  w i t h i n  t h e  s c h e d u l e r  
i n  o r d e r  t o  s i m p l i f y  t h e  i n p u t  d a t a  deck .  

rl J 3 ' 1 P m -  

a c t i v i t y  sc! iedul ing  rnod,?l :+rhere t h e  c a p e b i l i t y  to 
g e n e r a t e  sl-ich d a t a  alresc!:; e x i s t s ,  2 s  i n  t h e  BCIJASP 
E a r t h - O r b i  t S i m u l a t o r .  

5 .  - . * + - ~ ~ T G Z  3f e p h e n e r i s  <zta 5n2e?er!den' o f  an 

c .  Using a s c h e d u l i n g  a l g o r i t h m  b a s e d  upon m i s s i o n  
r u l e s  t h a t  are s e n s i t i v e  t o  human f a c t o r s  con- 
s i d e r a t i o n s .  
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